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INTRODUCTION
As e a r l y  a s  1854 ,  P i s a n i  commented on t h e
m o b i l i t y  o f  h a l o g e n  a tom s  s u i t a b l y  p l a c e d  -with r e f e r e n c e  
t o  n i t r o - g r o u p s  i n  t h e  b e n z e n e  n u c l e u s .
The c l a s s i c a l  example  m e n t i o n e d  by him was t h a t  
o f  p i c r y l  c h l o r i d e .
P o u r  d e c a d e s  e l a p s e d  h o w e v e r ,  b e f o r e  t h e  m o b i l ­
i t y  o f  h a l o g e n s  i n  p r e s e n c e  o f  n e g a t i v e  g r o u p s  was s t u d i e d
i n  a  c o m p r e h e n s iv e  m a n n e r .  I n  1889 and s u b s e q u e n t l y ,
( 2 )S c h o p f f  and c o - w o r k e r s ,  e m p lo y in g  b a s i c  r e a g e n t s  s u ch  
a s  a l c o h o l i c  ammonia and a n i l i n e ,  d e m o n s t r a t e d  h a l o g e n  
m o b i l i t y  i n  t h e  f o l l o w i n g  t y p e s  o f  c o m p o u n d s : -
2w here  x and y were m e t a - d i r e c t i n g  s u b s t i t u e n t s  s u c h  a s : -  
-CNj -COKHg; -C00H; -CHO; -COR; -S02 0H. The r e s u l t s  
o f  t h i s  r e s e a r c h  l e d  t o  t h e  e n u n c i a t i o n  o f  S c h o p f f ! s 
r u l e : -  "A h a l o g e n  atom i n  t h e  b e n z e n e  n u c l e u s  i s  r e n d e r e d  
a c t i v e  by t h e  s i m u l t a n e o u s  p r e s e n c e  i n  t h e  o r t h o  and p a r a  
p o s i t i o n s  o f  two m e t a - d i r e c t i n g  s u b s t i t u e n t s  w h ich  may o r  
may n o t  be i d e n t i c a l ;  i f  o n ly  one such  g r o u p  i s  p r e s e n t  i n  
t h e  o r t h o  o r  p a r a  p o s i t i o n ,  no a c t i v a t i o n  o c c u r s  u n l e s s  
t h a t  g ro u p  i s  a n i t r o  g r o u p ” . T h u s ,  a l t h o u g h  a s i n g l e  c a r ­
b o x y l  g ro u p  i n  t h e  o r t h o  o r  p a r a  p o s i t i o n  c o u l d  n o t  a c t i ­
v a t e  a  h a l o g e n  a tom, ( w i t h o u t  a c a ta ly s t* " - ) ,  two s u c h  g r o u p s  
d i d  p r o d u c e  a c t i v a t i o n .  T h i s  o b s e r v a t i o n  was f o u n d  t o  
a p p l y  t o  s u l p h o n i c  a c i d  g r o u p s  a l s o .
C /
SO^OH
Ca .-)
C O O H (c.)
* S c h o p f f  i n  t h e s e  r e s e a r c h e s  d i d  n o t  employ e x t e r n a l  
c a t a l y s t s .
3I . e . ,  i n  (B ) and (D) t h e  h a l o g e n  was r e p l a c e d  by t h e  amino 
o r  a n i l i n o  g r o u p s .  The g e n e r a l  c o n c l u s i o n  drawn f ro m  
t h i s  work ,  was t h a t  m e t a - d i r e c t i n g  g r o u p s  I n  t h e  o r t h o  and 
p a r a  p o s i t i o n s  o f  a h a l o g e n o b e n z e n e  i n d u c e d  v a r y i n g  d e ­
g r e e s  o f  a c t i v i t y  i n  t h e  h a l o g e n  a tom ,  t h e  n i t r o  g r o u p  b e ­
i n g  t h e  most  p o w e r f u l  i n  t h i s  r e s p e c t .
( 3 )I n  1914 ,  K enner  a t t r i b u t e d  t h i s  sup rem acy  o f  
t h e  n i t r o  g r o u p  t o  t h e  p r e s e n c e  o f  a t r u e  d o u b l e  bond  
which  p e r m i t t e d  p r e l i m i n a r y  a d d i t i o n  w i t h  r e a g e n t s ,  and  
f a c i l i t a t e d  t h e  r e p l a c e m e n t  o f  t h e  h a l o g e n  by  s u b s e q u e n t  
r e a r r a n g e m e n t .
w here  x -  h a l o g e n  ( a f t e r  K en n e r )
Many o t h e r  c h e m i s t s  h a v e  s i n c e  t h e n  e l a b o r a t e d  t h i s  c o n c e p t  
w h ic h ,  i n  p r i n c i p l e ,  i s  now g e n e r a l l y  a c c e p t e d .  Kenner  
h i m s e l f  h o w e v e r ,  m e n t i o n s  ( l o c . c i t . )  t h a t  i n  c e r t a i n  2 : 4 -  
d i n i t r o  and 2 : 4 : 6 -  t r i n i t r o p h e n y l  d e r i v a t i v e s ,  an o m a lo u s
4r e p l a c e m e n t s  o c c u r ,  s i n c e  a n i t r o  g r o u p  i t s e l f  i s  r e p l a c e d ,  
and n o t  t h e  g r o u p  s u b j e c t  t o  t h e  com bined  i n f l u e n c e  o f  two 
( o r  t h r e e )  n i t r o  g r o u p s .  H i s  e x p l a n a t i o n  was t h a t  u n d e r  
t h e  e f f e c t  o f  t h e  n i t r o  g r o u p s ,  t h e  n u c l e u s  a ssum ed a 
" n e g a t i v e ” c o n d i t i o n  and t h u s  became "som ew hat  d i f f e r e n t  
f ro m  t h a t  o f  t h e  o r d i n a r y  b e n z e n e  n u c l e u s " .
Kenner  i s  t h e  q u o t a t i o n  o f  exam ples  w h ich  i m p ly  t h a t  t h e  
a c t i v a t i o n  by m e t a - d i r e c t i n g  g r o u p s ,  a s  s t u d i e d  by S c h o p f f , 
a p p l i e s  n o t  o n l y  t o  h a l o g e n  a t o m s ,  b u t  t o  o t h e r  g r o u p s ,  i n  
f a c t ,  t o  a l l  g r o u p s  w h ich  c a n  e x i s t ,  ev e n  p o t e n t i a l l y ,  a s  
a n i o n s ; -
( a )  S c h o p f f * s  c o n c e p t i o n  o f  t h e  a c t i v a t i o n  o f  f a v o u r ­
a b l y  s i t u a t e d  h a l o g e n  a toms ( w i t h  r e g a r d  t o  m e t a - d i r e c t i n g  
s u b s t i t u e n t s )  may be ex p an d ed  t o  i n c l u d e  t h e  a c t i v a t i o n  o f
A f u r t h e r  i m p o r t a n t  p o i n t  i n  t h i s  p u b l i c a t i o n  by
KOMt
The f o l l o w i n g  c o n c l u s i o n s  may now be  d r a w n ; -
5a l l  g r o u p s  which  can  p a r t i c i p a t e  a s  a n i o n s  i n  r e a c t i o n s
o f  t h e  r e p l a c e m e n t  t y p e .
(b )  I n  c e r t a i n  2 : 4 -  d i n i t r o ,  and 2 : 4 : 6 -  t r i n i t r o -
p h e n y l  d e r i v a t i v e s ,  anom alous  r e p l a c e m e n t s  o c c u r ,  i n  t h a t
a p o t e n t i a l  a n i o n  u n d e r  t h e  com bined  i n f l u e n c e  o f  two ( o r
t h r e e )  p o w e r f u l  m e t a - d i r e c t i n g  g r o u p s  i s  u n a f f e c t e d  w h i l e
a n i t r o  g ro u p  i t s e l f  i s  r e p l a c e d .
Many e x am p le s  i l l u s t r a t i n g  b o t h  t h e s e  p o i n t s
h a v e  b e e n  n o t e d .  T y p i c a l  o f  ( a )  a r e  t h e  i n t e r c o n v e r s i o n
( 4 )o f  2 : 4 -  d i n i t r o p h e n y l a l k y l  e t h e r s  s t u d i e d  by Blankam a , •
and t h e  work on 2 : 4 -  d i n i t r o d i p h e n y l s u l p h o n e s  by
L o u d o n .^ 5 ^
of t  oft'
So many ex am p le s  o f  ( b )  a r e  now known t h a t  i t  i s  
no l o n g e r  s a t i s f a c t o r y  t o  d i s p o s e  o f  them a s  ” a n o m a l i e s ” . 
I n  p o i n t  o f  f a c t ,  t h e s e  an o m a lo u s  r e p l a c e m e n t s  c a n  be  
c l a s s i f i e d  i n t o  two g r o u p s ,  a c c o r d i n g  t o  w h ich  s u b s t i t u e n t
i s  r e p l a c e d .  T h e se  g r o u p s  w i l l  be  r e f e r r e d  t o  a s  (©c), 
where  a n i t r o  g ro u p  i s  r e p l a c e d ,  and  {/3) where  a s u b s t i ­
t u e n t  s i t u a t e d  i n  t h e  o r t h o  o r  p a r a  p o s i t i o n s  t o  a s e c o n d  
m e ta  d i r e c t i n g  g r o u p ,  i s  r e p l a c e d .
A few e x a m p le s  o f  t h e  f i r s t  o f  t h e  two g r o u p s
(°<-) a r e : -
(1 )  The r e p l a c e m e n t  o f  t h e  n i t r o  g r o u p s  i n  o r t h o  and  p a r a
( & )b e n z o n i t r i l e s , R e i n d e r s  an d  R i n g e r .
(7 )(2 )  T iem ann .
7( 3 )  S e c a r e a r m . (8 )
CHsNCfctf*
NO* N O ,
V
c w = NC, H 
NttC 6w
No, N O -
and many more  e x a m p le s ,  f ro m  c h l o r o n i t r o d i p h e n y l s u l p h o n e s ,  
w i l l  be d e a l t  w i t h  i n  t h e  t e x t .  One such  exam ple  i s  i n ­
c l u d e d  f o r  c o m p a r i s o n  w i t h  t h e  f o r e g o i n g ,  n a m e ly ,  Loudon 
( 9 )and R obson .  '
C£ c €
where  T » p - t o l y l
I n  &11 t h e s e  ex a m p le s  i t  i s  a p p a r e n t  t h a t  t h e  
n i t r o  g roup  r e p l a c e d  was s i t u a t e d  e i t h e r  i n  t h e  o r t h o  o r  
p a r a  p o s i t i o n  t o  a s e co n d  m e t a - d i r e c t i n g  s u b s t i t u e n t  i n  
t h e  n u c l e u s .  By v i r t u e  o f  i t s  p o s i t i o n  t h i s  s e c o n d  g r o u p
8n o t  o n l y  r e s i s t s  t h e  a c t i v a t i n g  i n f l u e n c e  o f  t h e  n i t r o  
g r o u p ,  b u t  o p p o s e s  i t  t o  an e x t e n t  s u f f i c i e n t l y  p o w e r f u l  
t o  e f f e c t  t h e  r e p l a c e m e n t  o f  t h e  n i t r o  g ro u p  a s  an  a n i o n .
The s e c o n d  g r o u p  {/3 ) d e a l s  w i t h  r e a c t i o n s  i n  
w hich  b o t h  t h e  n i t r o  g r o u p  and t h e  s eco n d  m e t a - d i r e c t i n g  
g ro u p  ( s i t u a t e d  a s  i n ^ l )  a r e  u n a f f e c t e d ,  b u t  a s u b s t i t u e n t  
i n  t h e  o r t h o  o r  p a r a  p o s i t i o n  t o  t h e  s e c o n d  g ro u p  i s  r e ­
p l a c e d ,  e . g . ,  W i t t . ^ ^
and a g a i n  f ro m  c h l o r o n i t r o d i p h e n y l s u l p h o n e s ,  a  s i n g l e  e x ­
ample (.9) w i l l  s u f f i c e  a t  p r e s e n t .
t s q ^ h ^
S °aT
where T * p - t o l y l .
9Prom b o t h  g r o u p s  ( oL and / 3  ) i t  I s  c l e a r  t h a t
t h e  c o n t r o l l i n g  d i r e c t i v e  i n f l u e n c e  h a s  b e e n  w i th d ra w n  
f ro m  t h e  n i t r o  g r o u p  and t r a n s f e r r e d  t o  t h e  m e t a - d i r e c t i n g  
g r o u p  s i t u a t e d  o r t h o  o r  p a r a  t o  i t .
T iem ann»s  exam ple  (J7) w h i c h ,  w h i l e  p o s s e s s i n g  a l l  t h e  
f a c t o r s  p e r m i t t i n g  r e p l a c e m e n t  o f  g r o u p  ( / 3  ) t y p e ,
n e v e r t h e l e s s  u n d e r g o e s  r e p l a c e m e n t  o f  g r o u p  ( °L ) t y p e .
T h i s  i n d i c a t e s  t h a t  o t h e r  f a c t o r s  ( i n  a d d i t i o n  t o  t h e  
g r o u p a p r e s e n t  and t h e i r  r e l a t i v e  p o s i t i o n s )  p l a y  a  p a r t  
i n  d e t e r m i n i n g  t h e  l o c a t i o n  o f  c e n t r e s  o f  r e a c t i v i t y .
T h a t  t h e  c h o i c e  o f  r e a g e n t  has  an  i m p o r t a n t  i n f l u e n c e  i n  
t h i s  d i r e c t i o n  i s  b o r n e  o u t  by t h e  exam ple  ( r e f e r e n c e  9 ) 
a l r e a d y  t w i c e  m e n t i o n e d .
A f u r t h e r  p o i n t  o f  i n t e r e s t  i s  r a i s e d  by
p - t o l y l
10
I t  h a s  b e e n  shown t h a t  w i t h  sodium m e t h o x i d e  t h e  n i t r o  
g r o u p  was r e p l a c e d  ( t y p e  ) ,  w i t h  sodium p - t o l y l s u l p h i n -  
a t e  and a l s o  w i t h  p i p e r i d i n e ,  t h e  h a l o g e n  was r e p l a c e d  
( t y p e  /3  ) .  F u r t h e r m o r e  w i t h  a l k a l i n e  m e r c a p t i d e  r e a g e n t s ,  
e . g .  sodium p - t o l y l m e r c a p t i d e ,  t h e  s u l p h e n y l  g ro u p  was r e ­
p l a c e d ,  a r e p l a c e m e n t  w h ich  co n fo rm s  t o  S c h o p f f 1s t y p e s .
by v a r i o u s  r e a g e n t s  a r e  m e n t i o n e d ,  ( l o c . c i t . )  and  t h e  i n ­
f l u e n c e  o f  t h e  o t h e r  two f a c t o r s  ( g r o u p s  p r e s e n t  and  t h e i r  
r e l a t i v e  p o s i t i o n s )  i n  d e t e r m i n i n g  t h e  l o c u s  and a l s o  t h e  
d e g r e e  o f  r e a c t i v i t y  a r e  i l l u s t r a t e d  by t h i s  exam ple  and  
t h a t  o f  t h e  i s o m e r i c  s u lp h o n e  a s  f o l l o w s : -
F u r t h e r  i n s t a n c e s  o f  p r e f e r e n t i a l  r e p l a c e m e n t s
Ho
S/
S T
0
OA/e.
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12
From (A.) two p i p e r i d i n d  d e r i v a t i v e s  (m a in ly  (C.)) were  
i s o l a t e d ,  w h i l e  f ro m  (B.) o n l y  one such  d e r i v a t i v e  was 
i s o l a t e d .  A g a in ,  f ro m  (B.) no p r o d u c t  was o b t a i n e d  w i t h  
sodium p - t o l y l s u l p h i n a t e  a l t h o u g h  h e a t i n g  was c a r r i e d  on 
u n t i l  t h e  r e a g e n t s  d ecom posed .  W ith  m e t h y l  a l c o h o l i c  
ammonia (A-) gav e  t h e  amine by n i t r o  g r o u p  r e p l a c e m e n t  w h i l e  
(Bj g a v e  t h e  n i t r o g e n  f r e e  m e t h y l  e t h e r .
I t  was d e c i d e d  c o n s e q u e n t l y ,  t o  s t u d y  f u r t h e r  
i s o m e r i c  c h l o r o n i t r o d i p h e n y l s u l p h o n e s  and  o b s e r v e  t h e  
m o d i f i c a t i o n s  i n  d e g r e e  and l o c i  o f  r e a c t i v i t y  a s  w e l l  a s  
r e l a t i v e  sp e e d  o f  r e a c t i o n s  a t  t h e  c e n t r e s  o f  r e a c t i v i t y  
w hich  t h e  r e a g e n t s  m e n t i o n e d  would  i n d u c e .
I n  a d d i t i o n  t o  p - t o l y l p h e n y l s u l p h o n e s ,  i t  was 
d e c i d e d  a l s o ,  t o  s t u d y  o t h e r  s u l p h o n e s  s u c h  a s  m e t h y l ,  
p h e n y l , a n d  2 : 5 -  d i c h l o r o p h e n y l s u l p h o n e s  a s  w e l l  a s  s u l -  
phonam ide  and s u l p h o n y l  p i p e r i d i d e ,  i n  o r d e r  t o  d e t e r m i n e
w h e t h e r  a  change  o f  R i n  t h e  s u l p h o n y l  g r o u p  o f  g e n e r a l
fo rm  - SOgR would h a v e  any e f f e c t  on t h e  a b o v e - m e n t i o n e d  
t h e m e s .
The c h o i c e  o f  t h e  s u l p h o n y l  g r o u p ,  i n  t h e  s u b ­
j e c t  o f  s t u d y ,  was n o t  a r b i t r a r y .  I t  was e s t a b l i s h e d  by
( 11 )Loudon i n  1936 ,  t h a t  t h e  s u l p h o n y l  g r o u p  h a d  a m ark ed
e f f e c t  on t h e  n i t r o  g ro u p  a s  d i s c u s s e d  u n d e r  g r o u p s  ( ^  )
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and  ( / 3 ) .  F u r t h e r m o r e ,  t h e  s u l p h o n y l  g r o u p  h a d  t h i s  
a d v a n t a g e ;  t h e  u s u a l  r e a g e n t s  em ployed  t o  d e t e c t  m o b i l i t y  
i n  a r o m a t i c  n i t r o - c o m p o u n d s ,  ( a m i n e s ,  h y d r o x i d e s ,  e t c . )  by  
i n t r o d u c i n g  amino o r  h y d r o x y l  g r o u p s  i n t o  t h e  n u c l e u s ,  
t e n d e d  t o  l e a v e  an i n e r t  m o l e c u l e ,  w h i l e  t h e  f o r m e r  a c t i ­
v a t e d  new c e n t r e s  i n  t h e  m o l e c u l e  and l e d  t o  f u r t h e r  r e ­
a c t i v i t y .  T h e se  p o i n t s  were  i l l u s t r a t e d  a s  f o l l o w s
5 o* PJ,
PhbO* M„. /  >*<V
N O . NO,
Ph 5
*
The p r o d u c t  (D.) p r o v i d e s  a f u r t h e r  exam ple  o f  g r o u p  ( <  ) 
r e p l a c e m e n t  and e x h i b i t s  r e a c t i v i t y  o f  t h e  o r t h o  s u l p h o n y l  
g r o u p  ( e x c e p t  t o  s u l p h i n a t e  r e a g e n t s ) ,  c o m p a r a b le  w i t h  
t h a t  o f  t h e  h a l o g e n  i n  2 : 4 -  d i n i t r o c h l o r o b e n z e n e ,  e . g . ,
(oEt)
Ac.on
N H
Hz.o d  + r*Hi,.on \ N o
I N O .
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S e c t io n  2 .
REPLACEMENT OP THE SULPHONYL GROUP BY REAGENTS 
OTHER THAN ALKALINE 1EEGAPTIDES
P r e v i o u s  work on t h e  r e a c t i v i t y  o f  t h e  s u lp h o n e  
( 9 )( I . )  Loudon and  R o b s o n ,  h a s  shown t h a t  b y  s e l e c t i n g  t h e  
r e a g e n t ,  t h e  s u l p h o n y l  g r o u p ,  t h e  n i t r o  g r o u p ,  o r  t h e  
h a l o g e n  atom c o u l d  p r e f e r e n t i a l l y  be  r e p l a c e d .
c - e
( ! • )
where  R - p - t o l y l
I t  was f o u n d  t h a t  t h e  s u l p h o n y l  g r o u p  was r e p l a c e a b l e  by 
m e r c a p t i d e  r e a g e n t s ,  t h e  n i t r o  g r o u p  by p i p e r i d i n e  o r  b y  
sodium m e t h o x i d e ,  an d  t h e  h a l o g e n  atom by p i p e r i d i n e  and  
a l s o  by s u l p h i n a t e  r e a g e n t s .  A l t h o u g h  w i t h  sod ium m e t h ­
o x i d e ,  o n l y  t h e  n i t r o g e n - f r e e  m e t h y l  e t h e r  was i s o l a t e d ,  
t h e  p r e s e n c e  o f  c h l o r i d e  i o n s  i n d i c a t e d  t h a t  r e a c t i o n  h a d  
n o t  b e e n  c o n f i n e d  t o  one c e n t r e .
S l i g h t l y  m o d i f i e d  r e s u l t s  were  o b t a i n e d  w i t h  t h e
15
i s o m e r i c  s u lp h o n e  ( I I . )  ( l o c . c i t . )
/<c-e
V
" 0 ^cm where  R s p - t o l y l
Here  no p r o d u c t  c o u l d  be i s o l a t e d  a f t e r  s u l p h i n a t e  t r e a t ­
m e n t ,  and  o n ly  one p i p e r i d i n e  d e r i v a t i v e  was o b t a i n e d .  
F u r t h e r m o r e ,  w i t h  m e t h y l - a l c o h o l i c  ammonia,  t h e  n i t r o g e n -  
f r e e  m e t h y l  e t h e r  was o b t a i n e d  f ro m  ( I I . ) ,  w h e r e a s  t h e  
n i t r o  g r o u p  was r e p l a c e d  by  t h e  amino g r o u p  i n  ( I . ) .
I n  b o t h  ( I . )  and ( I I . )  m e r c a p t i d e  r e a g e n t s  o n l y  
were  f o u n d  c a p a b l e  o f  r e p l a c i n g  t h e  s u l p h o n y l  g r o u p ,  a l ­
t h o u g h  i t  was s u s p e c t e d  t h a t  w i t h  o t h e r  r e a g e n t s  a l s o ,  
r e p l a c e m e n t  o c c u r r e d  a t  t h i s  c e n t r e .
I t  became o f  i n t e r e s t  t h e r e f o r e ,  t o  d e t e r m i n e  
w h e t h e r  a l l  t h r e e  s u b s t i t u e n t s  c o u l d  be  r e p l a c e d  b y  a 
s i n g l e  r e a g e n t .  P i p e r i d i n e  and sod ium  m e t h o x i d e  ( o r  
e t h o x i d e )  were  c h o s e n  a s  r e a g e n t s ,  s i n c e  t h e  f o r m e r  h a d  
g i v e n  two p r o d u c t s  w i t h  t h e  s u lp h o n e  ( I . )  w here  R -  p -  
t o l y l ,  and t h e  l a t t e r  g a v e  s t r o n g  i n d i c a t i o n s  t h a t  more
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t h a n  one c e n t r e  h ad  b e e n  a t t a c k e d .  A c c o r d i n g l y ,  t h e  r e  
a c t i o n  b e t w e e n  t h e  s u lp h o n e  ( I . )  where  R * p - t o l y l ,  and  
t h e s e  r e a g e n t s ,  was r e - e x a m i n e d .
m e n t a l )  was d e v i s e d  and t h i s  p r o c e s s  e n a b l e d  t h e  i s o l a t i o n  
o f  p r o d u c t s ,  p r o v i n g  t h a t  w i t h  sod ium  m e t h o x i d e  ( o r  e t h -  
o x i d e ) ,  and a l s o  w i t h  p i p e r i d i n e ,  t h e  s u l p h o n y l  g r o u p  o f  
( I . )  h a d  b e e n  r e p l a c e d .  By s team  d i s t i l l a t i o n  o f  t h e  r e ­
a c t i o n  m i x t u r e  i n  each  c a s e ,  t h e  f o l l o w i n g  p r o d u c t  was 
o b t a i n e d  f ro m  t h e  d i s t i l l a t e : -
T h e s e  p r o d u c t s  a g r e e d  i n  m . p t .  an d  m ixed  m . p t .  w i t h  a u t h e n ­
t i c  s a m p le s  o f  4 - c h l o r o - 2 - n i t r o p h e n y l m e t h y l  ( a n d  e t h y l )  
e t h e r ,  and 4 - c h l o r o - 2 - n i t r o p i p e r i d i n o b e n z e n e ,  r e s p e c t i v e l y .  
The y i e l d s  o b t a i n e d  were  r e l a t i v e l y  low ,  h o w e v e r ,  b e i n g  o f  
t h e  o r d e r  o f  5% o f  t h e  m e t h y l  a n d  e t h y l  e t h e r  d e r i v a t i v e s ,  
and  2% o f  t h e  p i p e r i d i n e  d e r i v a t i v e .
A m o d i f i e d  p r o c e s s  o f  s e p a r a t i o n  ( c f .  e x p e r i -
Cm.) C i v . )
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I d e n t i c a l  r e s u l t s  were o b t a i n e d  f ro m  r e a c t i o n  
o f  p i p e r i d i n e  and  o f  sodium m e t h o x i d e  on t h e  s u lp h o n e  (V. )
ce
c t
ce
T h u s ,  f ro m  t h e  s u lp h o n e  ( l . ) ,  a l l  t h r e e  s u b s t i t u e n t s  were  
s e p a r a t e l y  r e p l a c e d  by p i p e r i d i n e ,  and w i t h  sod ium  m e t h ­
o x i d e  ( a n d  e t h o x i d e )  t h e  s u l p h o n y l  an d  n i t r o  g r o u p s  were  
r e p l a c e d ,  w h i l e  t h e  p r e s e n c e  o f  c h l o r i d e  i o n s  i n d i c a t e d  
t h e  r e p l a c e m e n t  o f  t h e  h a l o g e n  a l s o .
G e n e r a l l y ,  h o w e v e r ,  m ost  o f  t h e  r e a g e n t s  e m ployed  
a t t a c k e d  m a i n l y  one c e n t r e .  One i n s t a n c e ,  i s  t h e  p r e f e r ­
e n t i a l  r e p l a c e m e n t  o f  t h e  s u l p h o n y l  g r o u p s  i n  s u l p h o n e s  
( I . ,  I I .  and V . )  by a l k a l i n e  p - t h i o c r e s o l  and  t h e  c o n f i n e ­
ment  o f  t h e  a t t a c k  t o  t h e  one  c e n t r e .
The p o i n t  i s  f u r t h e r  i l l u s t r a t e d  by t h e  b e h a v i o u r
o f  t h e  s u lp h o n e  ( V I . )  and  a p a r a l l e l  exam ple  ( V I I . —> X I .
( 9 )and X. )  i s  c i t e d  f ro m  Loudon and R o b s o n .  1
N O ,
$9*.
NO,
o
C-C-
U x . )
NO-
ce
NO.
S t
r  sNcc NO.
i y i )
c-e
(v// | . j
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( y i i . )
where  T = p - t o l y l
I n  b o t h  c a s e s  a h a l o g e n  atom i s  a c t i v a t e d  by  two p o w e r f u l  
m e t a - d i r e c t i n g  g r o u p s  ( s u l p h o n y l  and  n i t r o ) ,  b u t  w i t h  a 
s l i g h t  d e f i c i e n c y  o f  m e r c a p t i d e ,  t h e  s u l p h o n y l  g r o u p  i s  
p r e f e r e n t i a l l y  r e p l a c e d ,  and  mere  t r a c e s  o f  i o n i s a b l e  
h a l o g e n  were  d e t e c t e d .  W ith  p i p e r i d i n e  on t h e  o t h e r  h a n d ,  
t h e  h a l o g e n  was r e a d i l y  r e p l a c e d  i n  b o t h  s u l p h o n e s .  I n  
e a ch  c a s e ,  a l s o ,  t h e  h a l o g e n  p r o v i d e s  a c e n t r e  o f  r e a c t i ­
v i t y  c l o s e l y  r e l a t e d  t o  S c h o p f f 1s t y p e s ,  i . e . ,
X
The o n l y  d i f f e r e n c e  b e tw e e n  S c h o p f f ! s t y p e  and  ( V I . )  o r  
( V I I . )  i s  t h a t  S c h o p f f  h a d  x = -SOgOH w h i l e  h e r e
x
19
r e s p e c t i v e l y .  The ch ange  o f  t h e  h a l o g e n  f ro m  b r o m in e  t o  
c h l o r i n e  c a n n o t  be c o n s i d e r e d  a s  h a v i n g  any e f f e c t  i n  t h e  
a l t e r a t i o n  o f  t h e  c e n t r e  o f  r e a c t i v i t y .
S in c e  m e r c a p t i d e  r e a g e n t s  a l o n e  h a d ,  so  f a r ,  
p r o v e d  c a p a b l e  o f  r e p l a c i n g  t h e  s u l p h o n y l  g r o u p  q u a n t i t a ­
t i v e l y ,  ( w i t h  sodium m e t h o x i d e  o r  e t h o x i d e  and  w i t h  p i p e ­
r i d i n e ,  a s  h a s  b e e n  shown, t h e  e x t e n t  o f  s u l p h o n y l  r e p l a c e ­
m ent  was c o m p a r a t i v e l y  s l i g h t ) ,  i t  seemed f e a s i b l e  t h a t  
o t h e r  r e a g e n t s  o f  s u l p h i d e  c h a r a c t e r  m i g h t  a l s o  be  e f f e c t ­
i v e  i n  t h i s  r e s p e c t .  F o r  t h i s  p u r p o s e ,  t h e  a c t i o n  o f  ( a )  
sodium s u l p h i d e ,  and (b )  sod ium  d i - s u l p h i d e  on t h e  s u lp h o n e  
(1.) was e x a m in e d .  The r e s u l t s  p r o v e d  t h a t  t h e  s u l p h o n y l  
g r o u p  h a d  been  r e p l a c e d  by b o t h  r e a g e n t s ,  and t h e  p r o d u c t s  
were  o b t a i n e d  i n  y i e l d s  c o m p a r a b le  w i t h  t h o s e  f ro m  m e r c a p ­
t i d e  r e a c t i o n s .
NO
X \ f l o . Ncc* S
I* " . )
\ y
CcU)
rNO.No,
c-t
V ' " - )
The p r o d u c t s  ( X I I . )  and  ( X I I I . )  a g r e e d  i n  m . p t .  and m ix ed  
m . p t .  w i t h  a u t h e n t i c  s p e c im e n s  o f  b i s - ( 4 - c h l o r o - 2 - n i t r o -  
p h e n y l )  s u l p h i d e  and b i s - ( 4 - c h l o r o - 2  n i t r o p h e n y l ) - d i s u l ­
p h i d e  r e s p e c t i v e l y .
I n  c o u r s e  o f  t h e i r  r e s e a r c h e s ,  S m i l e s  an d  c o -
( 1 2 )w o r k e r s ,  d i s c o v e r e d  t h a t  compounds s u c h  a s  2 - h y d r o x y -
and 2 - a m in o - 2 ’ - n i t r o d i p h e n y l s u l p h o n e s ,  u n d e r w e n t  an  i n t r a  
m o l e c u l a r  ch an g e  i n  p r e s e n c e  o f  a l k a l i ,  d u r i n g  which  t h e  
s u l p h o n y l  g r o u p  was r e p l a c e d  by t h e  p h e n o l i c  o r  by  t h e  
a n i l i n e  g r o u p  a s  f o l l o w s : -
c-e NO
N O
An a t t e m p t  was made t o  p a r a l l e l  t h i s  work on  an i n t e r  - 
m o l e c u l a r  b a s i s  by r e a c t i n g  on t h e  s u lp h o n e  ( 1 . )  w here  
R = p - t o l y l  w i t h  sod ium  p - t o l y l o x i d e ,  a n d  w i t h  a n i l i n e .
I n  c o n t r a s t  t o  n o rm a l  i n t e r m o l e c u l a r  r e a c t i o n s  
w i t h  s u l p h o n e s ,  w h e r e i n  t i m e s  f o r  r e a c t i o n s  g e n e r a l l y
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v a r i e d  f ro m  f i v e  t o  t w e n t y  m i n u t e s ,  t h e  two r e a c t i o n s  
above  r e q u i r e d  more i n t e n s i v e  c o n d i t i o n s .  W ith  a n i l i n e  
i n  p a r t i c u l a r ,  was t h i s  t h e  c a s e ,  a s  i t  was n e c e s s a r y  t o  
h e a t  t h e  r e a c t i o n  m i x t u r e  a t  i t s  b o i l i n g  p o i n t  f o r  f u l l y  
f i v e  h o u r s ,  an d  t h e  p r o d u c t  (X IV .)  was i s o l a b l e  o n l y  w i t h  
g r e a t  d i f f i c u l t y .
(JCV.)
( X I V . )
The r e s u l t s  showed t h a t  w i t h  so d iu m  p - t o l y l o x i d e  
t h e  s u l p h o n y l  g ro u p  h a d  i n d e e d  b e e n  r e p l a c e d .  The p r o d u c t  
(XV.) a g r e e d  i n  m . p t .  and  m ixed  m . p t .  w i t h  an  a u t h e n t i c  
sample  o f  4 - c h l o r o - 2 - n i t r o p h e n y l - p - t o l y l  e t h e r .  W i th  a n i ­
l i n e ,  h o w e v e r ,  t h e  s u l p h o n y l  g r o u p  r e m a i n e d  i n t a c t ,  a n d  t h e  
p r o d u c t  (X IV .)  a n a l y s e d  c o r r e c t l y  f o r  t h e  f o r m u l a  a s c r i b e d  
i t ,  (w here  R * p - t o l y l ) .
T h u s ,  a l k a l i n e  p h e n o l s  and i n o r g a n i c  s u l p h i d e s  
and  d i - s u l p h i d e s ,  may be ad d ed  t o  a l k a l i n e  m e r c a p t i d e s ,  a s  
h a v i n g  a s e l e c t i v e  power  f a v o u r i n g  p r e f e r e n t i a l  r e p l a c e m e n t  
o f  t h e  s u l p h o n y l  g ro u p  i n  c h l o r o n i t r o d i p h e n y l s u l p h o n e s .
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S e c t i o n  5 .
THE EFFECT OF CHANGES OF R i n  - SOgR i n  4 - c h l o r o - 2 -  
n i t r o d i p h e n y l s u l p h o n e s .
I n  a d d i t i o n  t o  t h e  t h r e e  f a c t o r s  w h ich  h a v e  b e e n  
d e s c r i b e d  a s  e x e r t i n g  s t r o n g  i n f l u e n c e s  on t h e  d e g r e e  o f  
a c t i v a t i o n  and l o c u s ^ r e a c t i v e  c e n t r e s  i n  c h l o r o n i t r o d i -  
p h e n y l  s u l p h o n e s ,  n a m e ly ,  t h e  g r o u p s  p r e s e n t ,  t h e i r  r e l a ­
t i v e  p o s i t i o n s ,  and  t h e  r e a g e n t  em ployed  ( c . f .  I n t r o d u c ­
t i o n ) ,  a f u r t h e r  p o s s i b i l i t y  m u s t  now b e  c o n s i d e r e d .
I n  t h e  s u lp h o n e s  so f a r  m e n t i o n e d ,  ( I . ,  I I . ,  V . ,  
V I .  and  V I I . )  t h e  r a d i c l e  R i n  t h e  s u l p h o n y l  g r o u p  -SOgR, 
h a s  a lw a y s  been  an  a r y l  r a d i c l e ,  e . g .  p - t o l y l .  I t  c o u l d  
n o t  be  assum ed t h a t  a c h an g e  o f  R t o  a r a d i c l e  such  a s  
m e t h y l  o r  am ino ,  would l e a v e  u n a f f e c t e d  t h e s e  c o n d i t i o n s  
o f  r e a c t i v i t y .  A c c o r d i n g l y ,  f o u r  s u l p h o n e s  i n  w h ich  R = 
Me, Ph ,  p -  2 : 5  - CgH3CI2 , t h e  s u l p h o n y l  p i p e r i d -
i d e  and t h e  s u lp h o n a m id e ,  a l l  o f  t y p e  ( I . ) , w e r e  s t u d i e d .
( 5 )The f o u r  s u l p h o n e s  h a v e  been  shown by Loudon ,  and  G ib s o n
( 1 3 )and Loudon,  t o  r e p r e s e n t  a  r a n g e  o f  a n i o n i c  s t a b i l i t y  
o f  s u l p h o n y l  g r o u p s  i n  t h e  o r d e r  m e n t i o n e d ,  i . e .  Me r e p r e ­
s e n t s  t h e  m ost  s t a b l e ,  and 2 : 5 -  C^HTC10 t h e  m ost  m o b i l e  o f9 6 3 2
t h e s e  s u l p h o n y l  g r o u p s .
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The m e t h y l  s u l p h o n e ,  ( I . )  R s Me, a f f o r d e d  a 
c a s e  o f  p a r t i c u l a r  i n t e r e s t .  The p o s s i b i l i t y  e x i s t e d ,  
t h a t  w i t h  R » an  a r y l  g r o u p ,  t h e  s u l p h o n y l  g r o u p  was 
immune f ro m  a t t a c k  and  q u a n t i t a t i v e  r e p l a c e m e n t  by n on-  
m e r c a p t i d e  r e a g e n t s ,  by v i r t u e  o f  t h e  h i n d e r i n g  a c t i o n  o f  
R, due t o  i t s  s i z e .  Where R * Me, h o w e v e r ,  t h i s  p o s s i b l e  
o b s t a c l e  m ig h t  be rem oved ,  a s  would  be shown by h i g h  y i e l d s  
o f  p r o d u c t s  c o r r e s p o n d i n g  t o  s u l p h o n y l  r e p l a c e m e n t  e f f e c t e d  
by n o n - m e r c a p t i d e  r e a g e n t s .
The f o u r  s u l p h o n e s ,  t h e  s u l p h o n y l  p i p e r i d i d e  and 
t h e  su lp h o n a m id e  were t h e n  t r e a t e d  w i t h  a l k a l i n e  m e r c a p -  
t i d e  and  w i t h  p i p e r i d i n e .
A q u a l i t a t i v e  c o m p a r i s o n  was m ade ,  b o t h  o f  t h e  
t i m e s  o f  r e a c t i o n ,  and y i e l d s  o f  p u r i f i e d  p r o d u c t s  
i s o l a t e d .
The f o l l o w i n g  t a b l e  su m m a r i s e s  t h e  r e s u l t s  
o b t a i n e d  f ro m  t h e s e  s i x  compounds o f  g e n e r a l  t y p e  ( I . )
C-e
U )
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I n  t h e  c a s e  o f  p i p e r i d i n e ,  more t h a n  one p r o d u c t  was i s o ­
l a t e d  f ro m  t h e  r e a c t i o n  m i x t u r e s ,  and  t h e  r e l a t i v e  y i e l d s  
o f  d i f f e r e n t  p r o d u c t s  a r e  g i v e n  a s  f o l l o w s
(a )  * p r o d u c t  i n  which  h a l o g e n  atom was r e p l a c e d .
(b )  - ” ” M n i t r o  g ro u p  was n
( c )  ■ ” ” ,! s u l p h o n y l  g r o u p  was 11
V a lu e  o f  K
A l k a l i n e  
M e r c a p t i d e P i p e r i d i n e
Time
T ak en
d r o u p  Time 
R e p l a c e d  Taken
Group
R e p l a c e d
R e l a t i v e
Y i e l d s
R = CH3 -S0r>R& 5 m i n s . a l l  t h r e e a > b > c 5 m i n s .
R = Ph - so 2r 5 m in s . a l l  t h r e e a 7 b y  c 5 m i n s .
R s p - C 6H4CH3
!1
-S02R ] 5 m i n s .
1
a l l  t h r e e
j
a > b > c j 5 m i n s .\\
Re 2 : 5 - C 6H3C l 2
' “ r " r, , j . i , -J
-SOqR | 5 m i n s .
I
a l l  t h r e e
1
a > b > c | 5 m i n s .
R = -NC5H10 -SQgR 5 m in s . a l l  t h r e e
j
a<^ b > c | 40 m i n s .
r  -  m 2 - so2R 5 m i n s .  J a i l  t h r e e b ~  a ^  e 35 m i n s .
Prom t h e  t a b l e  I t  i s  e v i d e n t  t h a t  a l k a l i n e  m e r -  
c a p t i d e  e x e r c i s e d  t h e  s e l e c t i v i t y  a l r e a d y  m e n t i o n e d  and  i n  
a l l  t h e  r e a c t i o n s  r e p l a c e d  t h e  s u l p h o n y l  g r o u p  w i t h  u n i f o r m  
r a p i d i t y .
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c-c
C^-) v m .)
where T = p - t o l y l .
W ith  p i p e r i d i n e ,  u n i f o r m  t i m e s  o f  r e a c t i o n ,  an d  r e l a t i v e  
q u a n t i t i e s  o f  p r o d u c t s  w ere  o b s e r v e d  f o r  t h e  f o u r  s u l ­
p h o n e s .  W ith  t h e  s u l p h o n y l  p i p e r i d i d e  and  s u l p h o n a m i d e , 
h o w e v e r ,  t h e  r e a c t i o n s  were  s l o w e r ,  a n d  t h e  r e l a t i v e
y i e l d s  o f  p r o d u c t s  were a f f e c t e d .  T h e s e  o b s e r v a t i o n s
( 1 4 )a g r e e  w i t h  t h e  comments o f  A rn d t  and M a r t i u s ,  i n
t h a t  t h e  l e s s e r  r e a c t i v i t y  o f  t h e  s u lp h o n - a m i d e  and 
- p i p e r i d i d e ,  may be a t t r i b u t e d  t o  t h e  w ea k e r  ’’ a c i d i f y i n g  
e f f e c t s ” o f  t h e  two g r o u p s  i n  q u e s t i o n .  T h i s  e f f e c t  may 
h e r e  be  c o n s i d e r e d  a s  t w o - f o l d .
F i r s t l y ,  i t  m o d i f i e s  t h e  p o t e n t i a l  a n i o n i c  
s t a b i l i t y  o f  t h e  s u l p h o n y l  g r o u p ,  and c o n s e q u e n t l y  t h e  
r e p l a e e a b i l i t y  o f  t h a t  g r o u p .
S e c o n d l y ,  i t  i n f l u e n c e s  t h e  c o n t r i b u t i o n  o f  t h e  
s u l p h o n y l  g ro u p  t o  t h e  c a t i o n o i d  c h a r a c t e r  o f  t h e  n u c l e u s
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a s  a  w h o le ,  and t h u s  h a s  r e p e r c u s s i o n s  on  t h e  r e l a t i v e  
m o b i l i t i e s  o f  a l l  t h r e e  s u b s t i t u e n t s .
The r e a c t i o n s  w i t h  p i p e r i d i n e ,  i n  g e n e r a l  fo rm
w e r e : -
NcrW<
Soz f \
NO,
c-t
O v . )
NO,
The g e n e r a l  c o n c l u s i o n  f ro m  t h i s  work was t h a t  t h e  r e ­
a c t i v i t y  o f  t h e  s y s t e m  ( I . )  was much more s e n s i t i v e  t o  
c h a n g e s  o f  t h e  r e a g e n t  e m p lo y ed ,  t h a n  i t  was t o  m o d i f i c a ­
t i o n s  o f  t h e  r a d i c l e  R,  i n  t h e  s u l p h o n y l  g r o u p  - SOgR*
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S e c t i o n  4 .
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The s t u d y  o f  t h e  m o b i l i t y  o f  g r o u p s  i n  c h l o r o -  
n i t r o d i p h e n y l s u l p h o n e s  was e x t e n d e d  t o  i n c l u d e  t h e  exam­
i n a t i o n  o f  t h e  v i c i n a l  i s o m e r s  ( X V I I I . )  and (XIX.)
*-
MO
s < v r
c-e.
^ ' X . )
where  T -  p - t o l y l
The s u l p h o n e s  were  t r e a t e d  w i t h  sod ium  m e t h o x i d e ,  
sod ium  p - t o l y l  m e r c a p t i d e ,  p i p e r i d i n e ,  an d  m e t h y l  a l c o h o l i c  
ammonia.
* B o t h  t h e  s u l p h o n e s  and  t h e  c o r r e s p o n d i n g  t h i o - e t h e r s  
w ere  made a v a i l a b l e  by work as  y e t  u n p u b l i s h e d  i n  
G-lasgow U n i v e r s i t y .
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W ith  ( X V I I I . )  t h e  f o l l o w i n g  r e s u l t s  were
o b t a i n e d : -
Of t h e s e ,  t h e  most  n o t a b l e  r e a c t i o n  i s  t h a t  w i t h  m e r c a p ­
t i d e ,  r e s u l t i n g  i n  t h e  r e p l a c e m e n t  o f  t h e  n i t r o  g r o u p
( X V I I I .  ^ XX . ) ,  and n o t  t h e  s u l p h o n y l  g r o u p ,  t o w a r d s
w h ich  t h i s  r e a g e n t  h a d  i n  p r e v i o u s  c a s e s  shown such
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m ark e d  p r e f e r e n c e .
The o t h e r  r e a c t i o n s  a g r e e  w i t h  t h o s e  p r e v i o u s l y  
o b s e r v e d  w i t h  s u l p h o n e s ,  e x c e p t  t h a t  o n l y  one  p r o d u c t  
c o u l d  be  i s o l a t e d  f rom  t h e  p i p e r i d i n e  r e a c t i o n ,
( X V I I I  > X X I . )
I t  i s  o f  some i m p o r t a n c e ,  t h a t  i n  t h i s  d e r i v a t i v e  
( X X I . ) ,  t h e  h a l o g e n  atom h a d  been  r e p l a c e d ,  f o r ,  w i t h  t h i s  
e x c e p t i o n ,  r e a c t i o n s  w i t h  t h e  s u lp h o n e  ( X V I I I . ) ,  r e s u l t e d  
I n  t h e  r e p l a c e m e n t  o f  t h e  n i t r o  g r o u p .
Assuming t h a t  t h e  n i t r o  g r o u p  a c h i e v e s  t h e  r e ­
p l a c e m e n t  o f  an a c t i v a t e d  a n i o n  by a p r e l i m i n a r y  a d d i t i o n  
m echan ism  ( c f ,  i n t r o d u c t i o n ) ,  t h e  r e p l a c e m e n t s  o f  t h e  n i t r o  
g r o u p  may be e x p l a i n e d  by t h e  s u g g e s t i o n  t h a t  i n  t h e  s u l ­
p hone  ( X V I I I . )  such a d d i t i o n s  c o u l d  o c c u r  o n l y  w i t h  d i f f i ­
c u l t y ,  i f  a t  a l l ,  due to  t h e  ’’ s t e r i c  h i n d r a n c e ” ( c f . K enne r  
( 3 ) )  o f f e r e d  b y  t h e  two o r t h o  s u b s t i t u e n t s .  The an o m a lo u s  
r e p l a c e m e n t  o f  t h e  s u l p h o n y l  g ro u p  by m e r c a p t i d e  may a l s o  
be  due  t o  t h i s  c a u s e .
As f o r  t h e  p i p e r i d i n o  p r o d u c t  (X X I. )  i t  h a s  b e e n  
o b s e r v e d  t h a t  i n  a l l  r e a c t i o n s  b e tw e e n  p i p e r i d i n e  and s u l ­
p h o n e s ,  t h e  h a l o g e n  atom i s  a lw ay s  r e p l a c e d .  The two 
v i c i n a l  s u l p h o n e s  p r o v e d  no e x c e p t i o n  t o  t h i s  r u l e .
Loudon,  d e s c r i b e d  t h e  o n ly  o t h e r  exam ple  so
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f a r  o b s e r v e d ,  o f  n o n - r e p l a c e m e n t  o f  t h e  s u l p h o n y l  g r o u p  b y  
m e r c a p t i d e  i n  c h l o r o n i t r o d i p h e n y l s u l p h o n e s : -
H ere  i t  seems t h a t  t h e  s u l p h o n y l  g r o u p  r e s i s t s  a c t i v a t i o n  
by t h e  n i t r o  g r o u p  t o  s u c h  an e x t e n t ,  t h a t  t h e  o t h e r  c e n t r e  
i n f l u e n c e d  by  t h e  n i t r o  g r o u p  becom es  t h e  c e n t r e  o f  r e ­
a c t i v i t y .
The s u lp h o n e  (XIX.)  gav e  t h e  f o l l o w i n g  r e s u l t s : -
NH<
( M Z . O H t  NHi t OU
c-c N/
(.xxiy..)
ST
Sc=£T
X / W » „
(xyv7 /.)
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W ith  sodium m e t h o x i d e ,  a m i x t u r e ,  w h ich  c o u l d  n o t  be  
p r o p e r l y  a n a l y s e d ,  was o b t a i n e d .
With  p i p e r i d i n e  a g a i n  o n ly  one p r o d u c t  (XXVII . )
S h o  o t
was i s o l a t e d ,  th o u g h  i o n i s a b l e  n i t r i t e ^ t h a t  t h e  a t t a c k  
was n o t  c o n f i n e d  t o  t h e  one c e n t r e .
M e th y l  a l c o h o l i c  ammonia r e p l a c e d  t h e  n i t r o  
g r o u p  by t h e  amino g r o u p ,  and  m e r c a p t i d e  a t t a c k e d  t h e  
s u l p h o n y l  g r o u p .
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( a )  The change  o f  R ^  - SOgR, where  R i s  an a l k y l  
o r  an  a r y l  r a d i c l e ,  d o e s  n o t  a f f e c t  t h e  l o c u s  o r  d e g r e e  
o f  r e a c t i v i t y  i n  t h e  m o l e c u l e  e x c e p t  i n  such  c a s e s  w here  
R i s  a g ro u p  p o s s e s s i n g  a l k a l i n e  p r o p e r t i e s  n o t  u s u a l l y  
d i s p l a y e d  by a r o m a t i c  r a d i c l e s .  ( e . g .  s u l p h o n a m i d e , and  
s u l p h o n y l  p i p e r i d i d e ) .  Even i n  t h e s e  e x t r e m e  c a s e s ,  o n l y  
m i n o r  c h a n g e s  o c c u r ,  and  i t  may be c l a i m e d  a s  a g e n e r a l  
r u l e  t h a t  c h a n g e s  o f  R i n  -S05 R do n o t  a f f e c t  t h e  r e a c t i v ­
i t y  o f  t h e  m o l e c u l e .
(b )  The r e l a t i v e  c h a n g e s  i n  t h e  p o s i t i o n s  o f  t h e  
s u b s t i t u e n t s ,  i n  c o n j u n c t i o n  w i t h  t h e  r e a g e n t  em p lo y ed ,  
c a u s e s  a much w id e r  v a r i a t i o n  i n  t h e  c e n t r e s  o f  r e a c t i v i t y .  
Even h e r e ,  h o w ev e r ,  n o t a b l e  s i m i l a r i t i e s  o c c u r  t h r o u g h o u t  
t h e  s e r i e s  o f  s u lp h o n e s  s t u d i e d .  M e r c a p t i d e  r e a g e n t s ,  w i t h  
one e x c e p t i o n a l  c a s e ,  p r e f e r e n t i a l l y  r e p l a c e  t h e  s u l p h o n y l  
g r o u p .  With p i p e r i d i n e ,  a  m o d i f i c a t i o n  o f  t h e  d e g r e e  o f  
r e a c t i v i t y  o c c u r s  i n  d i f f e r e n t  s u l p h o n e s ,  b u t  t h e  h a l o g e n  
a tom i s  c o n s i s t e n t l y  t h e  s u b s t i t u e n t  r e p l a c e d ,  ( i n  q u a n t i t y ,  
where  more t h a n  one c e n t r e  i s  a t t a c k e d ) .
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With m e t h y l  a l c o h o l i c  ammonia, p r e f e r e n t i a l  r e ­
p l a c e m e n t  o f  t h e  n i t r o  g ro u p  i s  e x h i b i t e d .
Even where  t h e  n i t r o  g r o u p  i s  a t t a c k e d ,  how­
e v e r ,  some m o d i f i c a t i o n  i n  d e g r e e  o f  r e a c t i v i t y  o c c u r s ,  
s i n c e  e i t h e r  t h e  amino g r o u p  ( g e n e r a l l y ) ,  o r  ( l e s s  f r e ­
q u e n t l y ) ,  t h e  m e th o x y l  r a d i c l e ,  r e p l a c e s  t h e  n i t r o  g r o u p .
With  sodium m e t h o x i d e ,  t h e  n i t r o  g r o u p  a g a i n
g e n e r a l l y  s u f f e r s  r e p l a c e m e n t .  The one e x c e p t i o n  i s  t h a t
( 1 5 )c i t e d  by  Loudon,  i n  5 - c h l o r o - 2 - n i t r o d i p h e n y l  s u l p h o n e ,
I n  t h i s  s u lp h o n e ,  t h e  s u l p h o n y l  g r o u p  i s  j o i n t l y  
a c t i v a t e d  by  t h e  h a l o g e n  atom an d  t h e  n i t r o  g r o u p .  With  
p i p e r i d i n e  t h e  h a l o g e n  atom i s  r e p l a c e d ,  b u t  w i t h  t h e  
o t h e r  t h r e e  r e a g e n t s ,  t h e  s u l p h o n y l  g r o u p  i s  r e p l a c e d .
The s u lp h o n e  (XXX.) t h e r e f o r e  p r e s e n t s  a c l o s e  a n a l o g y
( X X X . )
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w i t h  s u lp h o n e  ( X V I I I . )  i n  which p i p e r i d i n e  h a s  a  s i m i l a r  
r e s u l t ,  w h i l e  t h e  o t h e r  t h r e e  r e a g e n t s  r e p l a c e  t h e  n i t r o  
g r o u p .
W ith  t h e  e x c e p t i o n  o f  t h e s e  two s u l p h o n e s ,  w h ich  
may be r e g a r d e d  a s  e x t r e m e  c a s e s ,  i t  may b e  s t a t e d  t h a t  
t h o u g h  c h a n g e s  i n  r e l a t i v e  p o s i t i o n s  o f  t h e  s u b s t i t u e n t s  
p r o d u c e  v a r i a t i o n s  o f  a w id e r  c h a r a c t e r  t h a n  a c h an g e  o f  
R i n  -SOgR, t h e  most  n o t a b l e  v a r i a t i o n s  o c c u r  a s  t h e  r e s u l t  
o f  s e l e c t i n g  t h e  r e a g e n t s .
( c )  I n  su m m ar is in g  t h e  t y p e s  o f  r e p l a c e m e n t s  i n  t h e  
s u l p h o n e s  s t u d i e d  , /3  , o r  S c h o p f f ’ s t y p e s ) ,  t h e  a r g u m e n t  
w i l l  be s i m p l i f i e d  by c o n s i d e r i n g  p i p e r i d i n e  a s  r e p l a c i n g  
o n l y  t h e  one c e n t r e ,  t h e  h a l o g e n ,  i n  t h e  s u l p h o n e s  s t u d i e d .  
R e p l a c e m e n t s  o f  S c h b p f f f s ’m o d i f i e d ’ f o rm ,  ( n i t r o  g ro u p  
a c t i v a t i n g  a n o n - h a l o g e n  g r o u p )  a r e  i n c l u d e d .  The f o l l o w i n g  
t a b l e  shows t h e  r e l a t i v e  numbers  o f  r e p l a c e m e n t s ,  i n  t h e  
v a r i o u s  s u l p h o n e s ,  b e l o n g i n g  t o  e a ch  t y p e .
S u lp h o n e
S c h b p f f ’ s 
Type _
S c h b p f f ’ s 
M o d i f i e d  Type
©C
Type JF y E iL
( I . ) 0 . 1 . 2 . 2 .
* (B . ) 0 . 1 . 2 . 1 .
( X V I I I . ) 1 . 0 . 3 . 0 .
(XIX. ) 0 . 1 . 1 . 2 .
* c f .  I n t r o d u c t i o n .
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I t  i s  e v i d e n t  t h a t  {oC ) and (/£?) t y p e  r e p l a c e ­
m e n t s  g r e a t l y  ou tnum ber  t h e  o t h e r  two t y p e s ,  and  o n l y  one 
c a s e  o f  S c h o p f f ! s t y p e  o c c u r s .
M o re o v e r ,  i f  i t  i s  g r a n t e d  t h a t  a l l  a c t i v a t i o n s  
and r e p l a c e m e n t s  o c c u r  i n  A n io n o id  o r  P o t e n t i a l  A n io n o id  
f o r m s ,  i t  becomes c l e a r  t h a t  t h e r e  i s  no d i s t i n c t  l i n e  o f  
d e m a r c a t i o n  b e tw e e n  ) and ( /3 ) t y p e  r e p l a c e m e n t s ,  f o r  
t h e  n i t r o  g ro u p  i n  a l l  t h e  s u l p h o n e s  m e n t i o n e d ,  i s  s i t u a t e d  
e i t h e r  i n  t h e  o r t h o ,  o r  p a r a  p o s i t i o n s  t o  t h e  s u l p h o n y l  
^ r o u p ,  and  can  be r e n d e r e d  m o b i l e  w i t h  f a c i l i t y  s i m i l a r  t o  
t h e  r e p l a c e m e n t  o f  t h e  h a l o g e n  a tom .
The m ethod  o f  s u b d i v i s i o n  i n t o  two g r o u p  t y p e s  
( a nd /3 ) was employed t o  s i m p l i f y  t h e  a r g u m en t  i n  f a c e  o f  
t h e  g e n e r a l l y  p r e v a l e n t  i m p r e s s i o n  t h a t  t h e  n i t r o  g r o u p  i n  
a r o m a t i c  compounds o f  th e  t y p e s  s t u d i e d ,  e x e r t s  a g r e a t e r  
d i r e c t i n g  c o n t r o l  as  r e g a r d s  a c t i v a t i o n ,  t h a n  can  be  t r u l y  
a t t r i b u t e d  t o  i t .
A l th o u g h  i t  now a p p e a r s  t h a t  S c h o p f f ! s o r i g i n a l  
c o n c l u s i o n s  h a v e  b e e n  a lm o s t  c o m p l e t e l y  r e v e r s e d ,  ( i . e .  
t h e  n i t r o  g r o u p ,  i n  p r e s e n c e  o f  a f a v o u r a b l y  s i t u a t e d  
a n i o n ,  i s  more o f t e n  r e p l a c e d  t h a n  e f f e c t i n g  r e p l a c e m e n t ) ,  
i t  i s  h o p e d  t h a t  t h e  ex am p les  d e s c r i b e d  h e r e i n ,  i n d i c a t e  
t h a t  h i s  c o n c e p t i o n s  hav e  b een  ex p an d ed  t o  c o v e r  a f i e l d  
much w id e r  t h a n  w i t h  which he  d e a l t .
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S e c t i o n  6
THE THERMAL DECOMPOSITION OF 
CHLOROMERCURIC - p  -ETHOXYETRANESTJLPHINATE
A p r a c t i c a l  a p p l i c a t i o n  o f  t h e  m o b i l i t y  o f
g r o u p s  was u t i l i s e d  i n  t h e  p r e p a r a t i o n  o f  a compound w h ic h  
m ig h t  t h ro w  some d e c i s i v e  l i g h t  on t h e  d i s p u t e d  s t r u c t u r e  
o f  t h e  p r o d u c t  o b t a i n e d  f ro m  t h e  i n t e r a c t i o n  o f  e t h y l e n e  
an d  m e r c u r i c  c h l o r i d e  i n  aq u e o u s  o r  a l c o h o l i c  s o l u t i o n ,  
( f o r  R = E t ,  S c h o e l l e r ,  S c h r a u t h ,  E s s e r s  ( 1 5 ) ,  g e n e r a l  
summary, Nesmajanow and F r e i d l i n a  ( 1 6 ) ) .
OR . CH2 . CH2 . HgCl and  (CH2 : CH2 ) ,  HgCl (OR)
Lemme (17  >J , was t r e a t e d  w i t h  t h e  t h e o r e t i c a l  amount o f  
2 : 4  -  d i n i t r o c h l o r o b e n z e n e ,  y i e l d i n g  t h e  s u l p h i d e  ( X X X I I I . ) ,  
w h ic h  o n  o x i d a t i o n  w i t h  p e r h y d r o l  i n  a c e t i c  a c i d  s o l u t i o n ,  
gave  t h e  s u lp h o n e  (XXXIV.)
T hese  s t r u c t u r e s  were
(XXXI.) ( X X X II . )
w here  R -  E t .
Sodium p - e t h o x y e t h y l  m e r c a p t i d e
{ t w i n . )
» Eto <I>
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I n  t h i s  s u l p h o n e ,  t h e  s u l p h o n y l  g ro u p  i s  
a c t i v a t e d  b y  t h e  two n i t r o  g ro u p s  and  t h e r e f o r e  p o t e n t i a l l y  
became a  c e n t r e  o f  r e a c t i v i t y .
I n  2 : 4 - d i n i t r o p h e n y l  s u lp h o n a m id e  (XXXV.) and  
a l s o  i n  2 : 4  -  d i n i t r o b h e n y l  p i p e r i d i d e  (XXXVI.) ,  t h e  
s u l p h o n y l  g ro u p  was f o u n d  t o  be r e p l a c e d  on r e a c t i o n  w i t h  
p i p e r i d i n e
SOt.nh^
NO,
*c S-H«o
NO,
i o
NO,
/VO, NO,
N C 5- H , o  M ,0 C f H  S O ^ H  N  C - g - H i o
{ X M v n . )  C M W  m . )
The o t h e r  p r o d u c t s  o f  t h e  r e a c t i o n s  were  t h e  p i p e r i d i n i u m
s a l t s  o f  a m i n o s u l p h i n i c  a c i d  (XXXVII.) and  p i p e r i d i n o -
s u l p h i n i c  a c i d  (XXXVIII .)  r e s p e c t i v e l y .
The s u lp h o n e  (XXXIV.) b e h a v e d  i n  l i k e  m anner
o n  r e a c t i o n  w i t h  two m o l e c u l e s  o f  p i p e r i d i n e ,  and  gave
r i s e  t o  t h e  p i p e r i e t i n i u m ^ o f
p  -  e t h o x y e t h y l  s u l p h i n i c  a c i d  (XLIX.)
no-*-
E t O - C H f C H y  y * ° T .  ■
^X>C%»V.) 7
ID
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Prom t h i s  s a l t  t h e  sod ium  s a l t  (XL.)  was r e a d i l y  
o b t a i n e d .
E t O  . c Hz - CA/r SOA Nct
T h i s  s u l p h i n a t e  was t r e a t e d  w i t h  m e r c u r i c  c h l o r i d e ,  an d  
gave  c h l o r o m e r c u r i c - ^ B - e t h o x y e t h a n e s u l p h i n a t e ,  (X L I . )
B t o - C H f  C H ^ - S O i  H J  c - t
T h i s  i n v e s t i g a t i o n  was u n d e r t a k e n  i n  t h e  hope  t h a t  
t h e r m a l  d e c o m p o s i t i o n  o f  t h e  s u l p h i n a t e  ( X L I . )  w ould  
r e s u l t  i n  t h e  e v o l u t i o n  o f  s u l p h u r  d i o x i d e ,  l e a v i n g  
c h l o r o m e r c u r i c - / B - e t h o x y e t h a n e  ( X L I I . )
BtO .CHi-cHj- HjC-t  
C
T h i s  p r o d u c t  would hav e  a f f o r d e d  an  i d e a l  b a s i s  f o r  com­
p a r i s o n  w i t h  t h a t  o f  S c h o e l l e r ,  S c h r a u t h  an d  E s s e r f s ,  
(XXXI. o r  X X X I I . ) .
A na lgous  d e c o m p o s i t i o n s  have  b e e n  d e s c r i b e d  by
Loudon ( 1 8 ) .
U n f o r t u n a t e l y ,  i n  t h i s  c a s e  t h e  t h e r m a l  t r e a t ­
ment  o f  (X L I . )  c a u s e d  t h e  d e c o m p o s i t i o n  o f  t h e  s u b s t a n c e  
t o  a g r e a t e r  e x t e n t  t h a n  was e x p e c t e d .  I n  a d d i t i o n  t o  
s u l p h u r  d i o x i d e ,  e t h y l e n e  gas  was a l s o  e v o l v e d ,  and
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no m o d i f i c a t i o n  o f  c o n d i t i o n s  o f  t r e a t m e n t ,  s u c h  a s  
b u f f e r i n g  t o  7 ,  a l t e r e d  t h i s  e v o l u t i o n .  I n d e e d ,  t h e  
compound (X L I . )  decomposed ev en  on s t a n d i n g  a t  room 
t e m p e r a t u r e ,  and  gave r i s e  t o  m e rc u ro u s  s a l t s .  M o re o v e r ,  
t h e  d e c o m p o s i t i o n  was s u ch  t h a t  S c h o e l l e r ! s compound 
c o u l d  n o t  have  b e e n  fo rm ed  ev en  as  an  i n t e r m e d i a t e  p r o ­
d u c t ,  a s  was shown by s u b j e c t i n g  t h i s  compound t o  
s i m i l a r  t r e a t m e n t ,  ( i n  p r e s e n c e  o f  m e rc u ro u s  and  m e r c u r i c  
s a l t s ) .  Under  t h e s e  c o n d i t i o n s ,  S c h o e l l e r ! s compound was 
q u i t e  s t a b l e  and was r e c o v e r e d  u n c h a n g e d ,  an d  y i e l d e d  
e t h y l e n e ,  o n l y  a t  c o n s i d e r a b l y  h i g h e r  t e m p e r a t u r e s .
T h i s  b e h a v i o u r  o f  t h e  s u l p h i n a t e  can  be  com­
p a r e d  t o  t h a t  shown by J B - h a lo g e n o a lk y l  e t h e r s ,  w h ic h  on  
r e a c t i o n  w i t h  magnesium, e v o l v e  o l e f i n s  i n s t e a d  o f  f o r m ­
i n g  G r i g n a r d  compounds.  (B oord  e t  a l ,  ( 1 9 ) ,  T a l l m a n  ( 2 0 ) .
The p r o c e d u r e  by w h ich  sod ium -jB-e thoxye  t h a n e  -  
s u l p h i n a t e  was s y n t h e s i s e d  p r o v i d e s  a new method  o f  o b ­
t a i n i n g  s u l p h i n i c  a c i d s .  The method c a n  b e  em ployed  
w i t h  a d v a n t a g e  when t h e  c o r r e s p o n d i n g  t h i o l  i s  more 
r e a d i l y  a v a i l a b l e  t h a n  t h e  s u l p h o n y l  c h l o r i d e ,  o r  when 
r e d u c t i o n  o f  t h e  l a t t e r  i s  u n s a t i s f a c t o r y .
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S e c t i o n  7
THE PREPARATION OP SULPHONYL CHLORIDES BY 
CHLORINATION IN AQUEOUS ACETIC ACID.
I n  an  e a r l i e r  p a r t  o f  t h i s  r e s e a r c h ,  c e r t a i n  
n i t r o b e n z e n e s u l p h o n y l  c h l o r i d e s  were  r e q u i r e d .  Z in c k e  (22) 
an d  R i e s z  (23)  had  d e v e l o p e d  a method o f  o b t a i n i n g  
s u l p h o n y l  c h l o r i d e s  by  c h l o r i n a t i n g  d i s u l p h i d e s ,  d i s s o l v e d  
o r  s u s p e n d e d ,  i n  a c e t i c  a c i d  w h ich  h a d  b e e n  s l i g h t l y  
d i l u t e d  w i t h  w a t e r .
The mechanism o f  t h i s  r e a c t i o n ,  w h ic h  r e q u i r e s  
b u t  a s i n g l e  p r o c e s s ,  a p p e a r s  t o  b e  p r i m a r i l y ,  t h e  f o r m a ­
t i o n  o f  s u l p h e n y l  c h l o r i d e ,  w h ich  r e a c t s  w i t h  w a t e r  e i t h e r  
t o  g i v e  t h e  s u l p h o n y l  c h l o r i d e  d i r e c t l y ,  o r  t h r o u g h  t h e  
s u l p h i n i c  a c i d  w h ich  i s  t r a n s f o r m e d  t o  t h e  s u l p h o n y l  
c h l o r i d e  b y  t h e  f u r t h e r  a c t i o n  o f  c h l o r i n e .
The example o f  b i s - o r t h r o n i t r o p h e n y l  d i s u l p h i d e  
g i v e n  b e lo w ,  i l l u s t r a t e s  t h i s  m echan ism ?-
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A l t h o u g h  t h i s  m ethod  f a i l e d  w i t h  h i s  -  2 : 4  -  d i n i t r o p h e n y l  
d i s u l p h i d e ,  F r i e s  (24)  s u c c e e d e d  i n  o b t a i n i n g  2 : 4 -  
d i n i t r o b e n z e n e s u l p h e n y l  c h l o r i d e ,  b y  c h l o r i n a t i n g  2 : 4  -  
d i n i t r o p h e n y l  t h i e l b e n z o a t e .
A c o m b i n a t i o n  o f  t h e  two p r o c e d u r e s  r e s u l t e d  i n  
t h e  s u c c e s s f u l  p r e p a r a t i o n  o f  t h e  r e q u i r e d  s u l p h o n y l  
c h l o r i d e  f ro m  t h e  t h i o e s t e r  i n  good y i e l d .
T h i s  m o d i f i e d  p r o c e d u r e  had  b e e n  s u c c e s s f u l l y  
a p p l i e d  t o  o t h e r  b e n z o y l a t e d  t h i o l s ,  t b i o l s u l p h o n i c  e s t e r s  
( d i s u l p h o x i d e s ) ,  and t h e  e t h y l  e t h y ^ a n t h a t e ,  when a 
p u b l i c a t i o n  by  D o u g la s 5 an d  J o h n s o n  ( 2 5 ) ,  a n t i c i p a t e d ,  i n  
p r i n c i p l e ,  t h e s e  r e s u l t s .
The above a u t h o r s ,  h o w e v e r ,  d e a l t  w i t h  a  d e v e l o p  
ment  o f  t h e i r  work  an  i s o t h i o u r e a t e s  o n l y ,  a s  r e g a r d s  t h e  
p r e p a r a t i o n  o f  s u l p h o n y l  c h l o r i d e s .
S u m m ar is ing  t h i s  work ,  compounds c o n t a i n i n g  t h e  
f o l l o w i n g  g r o u p in g s  hav e  s u c c e s s f u l l y  y i e l d e d  s u l p h o n y l  
c h l o r i d e s  on  c h l o r i n a t i o n  i n  a q u eo u s  a c e t i c  a c i d : -
t h e s e  t y p e s ,  t h a t  s u l p h o n y l  c h l o r i d e s  may b e  r e a d i l y  p r e ­
p a r e d  f ro m  compounds, b e a r i n g  t h e  c h a r a c t e r  o f  a c y l a t e d  
t h i o l s ,  by  c h l o r i n a t i o n  i n  an  aq u e o u s  medium.
f t  S -  5 ft
ii
I t  may be  c o n c l u d e d ,  f r o m  an  e x a m i n a t i o n  o f
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S e c t i o n  8 .
E X P E R I M E N T A L .
To a v o id  u n n e c e s s a r y  r e p e t i t i o n ,  t h e  e x p e r i ­
m e n t a l  p r o c e d u r e  i s  l a r g e l y  r e f e r r e d  t o  two p r o c e s s e s  
A and B, and t h e  f o r m a t i o n  by  p r o c e s s  A o f  4 - c h l o r o - 2 -  
n i t r o p h e n y l  p - t o l y l  s u l p h i d e  ( V I I I . )  f o u n d  w i t h  a l l  
s u lp h o n e s  and su lp h o n a m id e s  o f  t y p e  ( I . )  i n  r e a c t i o n  
w i t h  p - t h i o c r e s o l  i s  n o t  f u r t h e r  m e n t i o n e d .  F o r m a t i o n  
o f  t h e  p i p e r i d i n o - c o m p o u n d  ( I V . )  fo u n d  i n  q u a n t i t i e s  
i n d i c a t i n g  a b o u t  2%> c o n v e r s i o n  i s  i m p l i e d  i n  r e f e r r i n g  
t o  p r o c e s s  B.
P r o c e s s  A. -  A s o l u t i o n  o f  t h e  s u lp h o n e  o r  
c h l o r o n i t r o - c o m p o u n d  (1 m o l . )  and  t h e  t h i o l  (1 m o l . )  i n  
a l c o h o l  o r  a l c o h o l i c  d i o x a n  was t r e a t e d  w i t h  sodium 
h y d r o x i d e  (1 m o l , ,  10% aqueous  s o l u t i o n )  and t h e r e a f t e r  
warmed f o r  5 m i n u t e s .  The p r o d u c t  w h ic h  s e p a r a t e d  on 
c o o l i n g  was c r y s t a l l i s e d  f ro m  a c e t i c  a c i d .
P r o c e s s  B. -  The compound was h e a t e d  i n  e x c e s s  
o f  p i p e r i d i n e  as  s o l v e n t  f o r  5 m i n u t e s  ( e x c e p t i o n s  n o t e d ) .  
A f t e r  s t e a m - d i s t i l l a t i o n  t o  remove 4 - c h l o r o - 2 - n i t r o - l -  
p i p e r i d i n o b e n z e n e  ( I V . )  ( e x t r a c t e d  f ro m  t h e  d i s t i l l a t e
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w i t h  b e n z e n e ) ,  t h e  r e s i d u e ,  w h ich  s o l i d i f i e d  on c o o l i n g  
o r  on s t i r r i n g  w i t h  d i l u t e  a c i d ,  was f r a c t i o n a l l y  
c r y s t a l l i s e d  f ro m  a l c o h o l .
F o r  S e c t i o n  ( 2 ) .
4 : 2 * :5* - T r i c h l o r o - 2 - n i t r o d i p h e n y l s u l p h o n e  
(V . )  -  The c o r r e s p o n d i n g  s u l p h i d e ,  o b t a i n e d  f ro m  2 : 5 -  
d i c h l o r o n i t r o b e n z e n e  and 2 : 5 - d i c h l o r o t h i o p h e n o l  ( p r o c e s s
A ) ,  h a d  m .p .  1 0 6 -1 0 7 °  (Found:  N, 4 - 4 .  C12H60 2NC^3S 
r e q u i r e s  N, 4 . 2 $ )  and was o x i d i s e d  w i t h  h y d r o g e n  p e r o x i d e  
and a c e t i c  a c i d  t o  th e  s u l p h o n e ,  m .p .  131°  (F ound :  N, 3 . 8  
Ci2H60 ^ NG^3S r e q u i r e s  N, 3 . 8 $ ) .  W i th  p i p e r i d i n e  ( p r o c e s s
B) t h e  s u lp h o n e  y i e l d e d  2 T: 5 1- d i c h l o r o - 2 - n i t r o - 4 -  
p i p e r i d i n o d i p h e n y l s u l p h o n e ,  m .p .  172°  (Found:  N, 6 . 9 .  
C l7 H i60 # 2 C ^ S  r e q u i r e s  N, 6 . 7 5 $ ) ,  and 4 : 2 1: 5 ’ - t r i c h l o r o -
2 - p i p e r i d i n o d i p h e n y l s u l p h o n e , m .p .  ,153°  (Found :  N, 3 . 5 .
C17H16°2NC^ 3 S reclu i r e s  3 . 5 $ ) .
4 : 4 f - D i c h l o r o - 2 :3 * - d i n i t r o d i p h e n y l s u l p h o n e
( V I . )  -  4 : 4 * - D i c h l o r o - 2 - n i t r o d i p h e n y l s u l p h i d e ,  m .p .  1 5 8 ° ,
o b t a i n e d  f rom  2 : 5 - d i c h l o r o n i t r o b e n z e n e  and p - c h l o r o t h i o -
phe iro l  ( p r o c e s s  A) (Found:  N, 4 . 8 .  Cp2H702NC^2S r e q u i r e s
N, 4 . 7 $ ) ,  was o x i d i s e d  t o  4 : 4 ’ - d i c h l o r o - 2 - n i t r o d i p h e n y l -
s u l p h o n e , m.p .  133° (Found:  N, 4 . 3 .  C i 2H704NC$2S r e q u i r e s
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N, 4 . 2 $ ) .  The l a t t e r  compound n i t r a t e d  i n  c o l d  c o n c e n ­
t r a t e d  s u l p h u r i c  a c i d  s o l u t i o n  "by a d d i t i o n  o f  p o t a s s i u m  
n i t r a t e  (1  m o l . ) ,  y i e l d e d  t h e  r e q u i r e d  s u l p h o n e ,  m .p .
162°  (Pound:  N, 7 . 6 .  C12H60 6N2C^2S r e q u i r e s  N, 7 . 4 $ ) .
A s o l u t i o n  o f  t h i s  s u lp h o n e  i n  d i o x a n ,  when t r e a t e d  a t  
room t e m p e r a t u r e  w i t h  p i p e r i d i n e  (2 m o l s . )  and  k e p t  f o r  
a few h o u r s ,  y i e l d e d ,  i n  a d d i t i o n  t o  p i p e r i d i n e  h y d r o ­
c h l o r i d e ,  o n l y  4 - c h l o r o - 2 : 3 ’ - d i n i t r o - 4 ’ - p i p e r i d i n o d i p h e n y l -  
s u l p h o n e ,  m .p .  140° ( I X . )  (Pound:  N, 9 . 9 .  C ^ H ^ O g N g C f e  
r e q u i r e s  N, 9 .9 % ) .  The c o n s t i t u t i o n  o f  t h i s  p i p e r i d i n o -  
d e r i v a t i v e  was p ro v e d  by  t h e  f o r m a t i o n  o f  t h e  s u l p h i d e  
( V I I I . )  f rom  i t  ( p r o c e s s  A) .
R e a c t i o n s  o f  4 - C h l o r o - 2 - n i t r o p h e n y l - p - t o l y l -  
s u lp h o n e  w i t h  sodium s u l p h i d e  and  sod ium  d i s u l p h i d e .
1 Mol. o f  sodium s u l p h i d e  was a d d e d  t o  2 m o l s .  
s u lp h o n e  d i s s o l v e d  i n  h o t  a l c o h o l  and t h e  m i x t u r e  h e a t e d  
f o r  5 m i n u t e s .  On c o o l i n g ,  t h e  p r o d u c t  s e p a r a t e d  o u t  
( X I I . ) ,  and  was r e c r y s t a l l i s e d  f ro m  a c e t i c  a c i d ,  m .p .  
1 4 9 - 1 5 0 ° .
1 Mol. o f  sod ium  d i s u l p h i d e  was ad d ed  t o  a h o t  
a l c o h o l i c  s o l u t i o n  o f  t h e  su lp h o n e  (2 m o l s . )  and  t h e  
m i x t u r e  h e a t e d  f o r  5 m i n u t e s .  On c o o l i n g ,  t h e  p r o d u c t  
( X I I I . )  s e p a r a t e d  o u t  and was r e c r y s t a l l i s e d  f rom  a c e t i c
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a c i d ,  m.p. 2 1 2 ° .
5 - C h l o r o - 2 - p - t o l u e n e s u l p h o n y l d i p h e n y l a m i n e  
(X IV .)  was o b t a i n e d  by  r e f l u x i n g  a s o l u t i o n  o f  t h e  above  
s u lp h o n e  i n  a n i l i n e  f o r  5 h o u r s .  The d a r k  o i l  o b t a i n e d  
by t r e a t m e n t  w i t h  d i l u t e  a c i d  s o l i d i f i e d  s l o w l y  and was 
r e p e a t e d l y  c r y s t a l l i s e d  f ro m  a c e t i c  a c i d  ( c h a r c o a l ) .  I t  
f o rm e d  c o l o u r l e s s  c r y s t a l s ,  m .p .  121°  (Pound :  N, 4 . 2 .  
Ci9Hi602NC^S r e q u i r e s  N, 3 . 9 $ ) .
4 - C h l o r o - 2 - n i t r o p h e n y l - p - t o l y l  e t h e r  (XV.)
(m .p .  and m ixed m .p .  1 0 0 ° ;  c f .  Pox and  T u r n e r  ( 2 6 ) )  was 
o b t a i n e d  when t h e  above s u lp h o n e  was h e a t e d  w i t h  sod ium  
p - t o l y l o x i d e  d i s s o l v e d  i n  p - c r e s o l .
F o r  S e c t i o n  ( 5 ) .
4 - C h l o r o - 2 - n i t r o p h e n y l m e t h y l s u l p h o n e  ( Z i n c k e ,
R e f .  (22)  p .  9 9 ) ,  (he  g i v e s  m .p .  1 4 3 ° ;  now f o u n d  1 5 5 - 1 5 6 ° )  
r e a c t e d  w i t h  p i p e r i d i n e  ( p r o c e s s  B) t o  g i v e  2 - n i t r o - 4 -  
p i p e r i d i n o p h e n y l m e t h y l s u l p h o n e ,  m .p .  126° (Pound :  N, 1 0 . 2 .  
c 12h 16°4n 2s  r e q u i r e s  N, 9 , 9 %) ,  and 4 - - c h l o r o - 2 - p i p e r i d i n o -  
p h e n y l m e t h y l s u l p h o n e ,  m .p .  134° .  (Pound :  N, 5 . 2 .
C l 2H16° 2NC£s r e q u i r e s  N, 5 . 1 %) .
4 - C h l o r o - 2 - n i t r o d i p h e n y l s u l p h o n e . The c o r r e ­
s p o n d in g  s u l p h i d e ,  o b t a i n e d  f ro m  2 : 5 - d i c h l o r o n i t r o b e n z e n e
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and  t h i o p h e n o l  ( p r o c e s s  A ) ,  h ad  m .p .  8 6 ° .  (Found:  N, 5 . 3 5  
^ 1 2 ^ 8 ^ 2 ^ ^  r e q u i r e s  N, 5, 3%)  and was o x i d i s e d  t o  t h e  r e ­
q u i r e d  s u l p h o n e ,  m .p .  121° (Found: N, 4 . 7 .  Ci2H804NC^S 
r e q u i r e s  N, 4 . 7 $ ) .  The l a t t e r  compound w i t h  p i p e r i d i n e  
( p r o c e s s  B) gave  2 - n i t r o - 4 ~ p i p e r i d i n o d i p h e n y l s u l p h o n e , 
o r a n g e  p l a t e s ,  M.P. 1 7 2 ° ,  (Found: N, 8 . 3 .  G17H1e 04N2S
r e q u i r e s  N, 8 .1 % ) ,  and 4 - c h l o r o ~ 2 - p i p e r i d i n o d i p h e n y l s u l -  
p h o n e ,  c o l o u r l e s s  n e e d l e s ,  m .p .  121° (Found:  N, 4 . 2 .
CiyHigOgNC^S r e q u i r e s  N, 4 .2 % ) .
4 - C h l o r o - 2 - n i t r o b e n z e n e s u l p h o n a m i d e  ( R i e s z ,  l o c .  
c i t . )  t r e a t e d  w i t h  p i p e r i d i n e  (45 m i n s . ,  p r o c e s s  B ) ,  
y i e l d e d  4 - c h l o r o - 2 - p i p e r i d i n o b e n z e n e s u l p h o n a m i d e ,  m .p .
152°  (Found:  N, 1 0 . 2 .  CnH ^O gN gC^S  r e q u i r e s  N, 1 0 .2 % ) ,  
and 2 - n i t r o - 4 - p i p e r i d i n o b e n z e n e s u l p h o n a m i d e , m .p .  137°  
(Found :  N, 1 4 . 9 .  G^jH^g04N3S r e q u i r e s  N, 1 4 .7 % ) .
4 - C h l o r o - 2 - n i t r o b e n z e n e s u l p h o n y l p i p e r i d i d e , o b ­
t a i n e d  by  s low a d d i t i o n  o f  p i p e r i d i n e  (2 m o l s . )  t o  a w e l l -  
c o o l e d  s o l u t i o n  o f  t h e  s u l p h o n y l  c h l o r i d e  ( c f .  s e c t i o n  (7 )  
e x p e r i m e n t a l )  i n  a l c o h o l ,  fo rm ed  c o l o u r l e s s  c r y s t a l s ,  m .p .  
138°  (Found:  N, 9 . 3 .  C n H i 304N2Cfe r e q u i r e s  N, 9 .2 % ) .
From i t ,  4 - c h l o r o - 2 - p i p e r i d i n o b e n z e n e s u l p h o n y l p i p e r i d i d e , 
m .p .  105° (Found:  N, 7 . 9 .  C i 6H23° 2N2C#S r e q u i r e s  N, 8 .2 % ) ,  
and 2 - n i t r o ~ 4 - p i p e r i d i n o b e n z e n e s u l p h o n y l p i p e r i d i d e , m .p .
47
121°  (Pound:  N, 1 2 . 1 .  C16H23O4H3 S r e q u i r e s  N, 11 .9??),  
w ere  o b t a i n e d  by  t h e  a c t i o n  o f  p i p e r i d i n e  (45 m i n s . ,  
p r o c e s s  B ) .
2 : 4 - D i n i t r o b e n z e n e s u l p h o n y l p i p e r i d i d e  (XXXVI. ) ,  
m .p .  130° (Pound:  N, 1 3 . 5 .  C i iH 130 6N3S r e q u i r e s  N, 1 3 . 3 $ ) ,  
p r e p a r e d  f rom  t h e  s u l p h o n y l  c h l o r i d e  and p i p e r i d i n e  (2 
mo I s . )  i n  c o l d  a l c o h o l ,  and 2 : 4 - d l n i t r o b e n z e n e s u l p h o n a m i d e  
( W i l l g e r o d t  and Mohr ( 2 7 ) )  e a c h  y i e l d e d  ( a )  2 : 4 - d i n i t r o -
1 - p i p e r i d i n o  ben zen e  (m .p .  and m ixed  m .p .  9 2 ° )  when h e a t e d  
f o r  35 m i n u t e s  w i t h  e x c e s s  o f  p i p e r i d i n e ,  and  (b )  2 : 4 -  
d i n i t r o p h e n y l - p - t o l y l s u l p h i d e  (m .p .  and m ixed m .p .  103°)  
when h e a t e d  w i t h  a l k a l i n e  p - t h i o c r e s o l  ( p r o c e s s  A) .
F o r  S e c t i o n  ( 4 ) .
3 - C h l o r o - 2 - n i t r o p h e n y l - p - t o l y l s u l p h o n e  ( X V I I I .  )
2 : 6 - D i c h l o r o n i t r o b e n z e n e , (H ol lem an  ( 2 9 ) ) ,  was d i s s o l v e d  
i n  t h e  minimum of  c o l d  a l c o h o l  and t r e a t e d  w i t h  a l k a l i n e  
p - t h i o c r e s o l  (1  m o l . )  i n  a few d r o p s  o f  w a t e r ;  t h e  s o l u ­
t i o n  was a l l o w e d  t o  s t a n d  f o r  f o u r t e e n  d a y s .  The m i x t u r e  
was f i l t e r e d  f r e e  f rom s o l i d  sod ium  c h l o r i d e  and 2 : 6 - d i -  
t h i o t o l y l n i t r o b e n z e n e . The f i l t r a t e  was s t e a m  d i s t i l l e d  
t o  f r e e  f rom s t a r t i n g  p r o d u c t s ,  and t h e  d i s t i l l a t e  was 
e x t r a c t e d  w i t h  b e n z e n e .  On e v a p o r a t i o n ,  a y e l l o w  s o l i d ,
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m . p t .  83°  was o b t a i n e d .  On o x i d a t i o n  t h i s  y i e l d e d  t h e  
r e q u i r e d  s u l p h o n e ,  m .p .  151° .  The m . p t s .  and m ixed 
m . p t s .  o f  t h e s e  compounds a g r e e d  w i t h  a u t h e n t i c  s am p le s  
o f  3 - c h l o r o - 2 - n i t r o p h e n y l - p - t o l y l  t h i o e t h e r  and 3 - c h l o r o -
2 - n i t r o p h e n y l - p - t o l y l s u l p h o n e  r e s p e c t i v e l y .
3 - P i p e r i d i n o - 2 - n i t r o p h e n y l - p - t o l y l s u l p h o n e  
( X X I . ) .  The s u lp h o n e  ( X V I I I . )  was d i s s o l v e d  i n  e x c e s s  
p i p e r i d i n e  and h e a t e d  f o r  15 m i n u t e s .  On c o o l i n g  and 
a d d i t i o n  o f  w a t e r ,  a s o l i d  ( s t i r r i n g )  s e p a r a t e d  o u t .  On 
c r y s t a l l i s a t i o n  f rom  a l c o h o l  t h i s  gave p a l e  y e l l o w  n e e d l e s  
m .p .  145°  (Found:  C, 6 0 . 4 ;  H, 5 . 8 ;  N, 7 . 8 .  C18H2o04N2S
r e q u i r e s  C, 6 0 . 0 1 ;  H, 5 . 8 ;  N, 7 . 8 $ ) .
3 - C h l o r o - 2 - p - t o l y l t h i o p h e n y l - p - t o l y l s u l p h o n e  
(X X .) .  The s u lp h o n e  ( X V I I I . )  i n  c o l d  a l c o h o l i c  d i o x a n ,  
was t r e a t e d  w i t h  1 mol .  sod ium  p - t h i o c r e s o l  i n  a few d r o p s  
o f  w a t e r ,  and a l l o w e d  t o  s t a n d  f o r  one week.  The s o l i d  
w h ic h  s e p a r a t e d  was washed w i t h  a l c o h o l  and  w a t e r ,  r e ­
c r y s t a l l i s e d  f rom a c e t i c  a c i d ,  and gave  w h i t e  p r i s m a t i c  
c r y s t a l s ,  m .p .  15 6 ° .  (Found:  C, 6 1 . 9 ;  H, 4 . 6 .  
C20h 1 7 ° 2 C ^ 2  r e q u i r e s  C, 6 1 . 8 ;  H, 4 . 4 $ ) .
3 - C h l o r o - 2 - a m i n o p h e n y l - p - t o l y l s u l p h o n e  ( X X I I I . ) . 
One gm. o f  t h e  s u lp h o n e  ( X V I I I . )  s u s p e n d e d  i n  12 c c .  
m e t h y l  a l c o h o l  and 3 .2  c c . (10 m o l s . )  o f  .8 8  ammonia, was
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h e a t e d  i n  a C a r i e s  t u b e  f o r  s i x  h o u r s  a t  1 6 0 - 1 7 0 ° .  On 
c o o l i n g ,  a f a i n t  y e l l o w  s o l i d ,  w h ic h  gave  w h i t e  n e e d l e s  
on r e p e a t e d  c r y s t a l l i s a t i o n s  f ro m  a c e t i c  a c i d ,  s e p a r a t e d  
o u t .  M . p t . 114°  (Pound: C, 5 5 . 5 ;  H, 4 . 5 .  C i 3H i202NC£s 
r e q u i r e s  C, 5 5 . 4 ;  H, 4 . 3 $ ) .
3 - C h l o r o - 2 - m e t h o x y b e n z e n e - p - t o l y l s u l p h o n e  (X X II .  ) 
The s u lp h o n e  ( X V I I I . )  was h e a t e d  f o r  t e n  m i n u t e s  w i t h  
so d iu m  m e th o x id e  ( 1-g- m o l s . )  i n  m e t h y l  a l c o h o l  and d i o x a n .
On c o o l i n g  t h e  p r o d u c t  s e p a r a t e d  o u t .  On c r y s t a l l i s a t i o n  
f r o m  a l c o h o l ,  w h i t e  p r i s m a t i c  c r y s t a l s  w ere  o b t a i n e d ,  m .p .  
1 0 8 . 5 °  (Pound:  C, 5 6 . 5 ;  H, 4 . 2 .  C i 4H i303C^S r e q u i r e s  
C, 5 6 . 7 ;  H, 4 . 4 %).
2 - C h l o r o - 6 - n i t r o p h e n y l ~ p - t o l y l s u l p h o n e  (XIX. ) .
2 : 3 - D i c h l o r o n i t r o b e n z e n e  (H ol iem an ( 3 0 ) ) ,  was h e a t e d  i n  
a l c o h o l  w i t h  sodium p - t h i o c r e s o l  (1  m o l . )  f o r  a few 
m i n u t e s .  On c o o l i n g  and r e c r y s t a l l i s i n g ,  o r a n g e - y e l l o w  
r e c t a n g u l a r  c r y s t a l s  were  o b t a i n e d  (XXVI.) ( a c e t i c  a c i d )  
m .p .  6 9 - 7 0 ° .  On o x i d a t i o n ,  t h i s  compound y i e l d e d  t h e  r e ­
q u i r e d  s u lp h o n e ,  m .p .  1 3 8 - 1 3 9 ° .  Here a l s o ,  m .p .  and m ixed  
m . p t s .  a g r e e i n g  w i t h  a u t h e n t i c  s am p le s  o f  t h e  t h i t f e t h e r  
and s u lp h o n e  were o b t a i n e d .
The r e a c t i o n  b e tw e en  t h e  s u lp h o n e  (XIX.)  and  
a l k a l i n e  p - t h i o c r e s o l  gave  r i s e  t o  t h e  t h i o - e t h e r  (X X V I. ) .
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The s u lp h o n e  i n  a l c o h o l i c  d io x a n  was h e a t e d  f o r  a few 
m i n u t e s  w i t h  t h e  r e a g e n t  (1  m o l . )  and t h e  p r o d u c t  i s o l a t e d  
as  a b o v e .
2 - P i p e r i d i n o - 6 - n i t r o p h e n y l - p - t o l y l s u lp h o n e  
(X X V II . ) .  The s u lp h o n e  (XIX.)  was h e a t e d  f o r  a few 
m i n u t e s  i n  e x c e s s  p i p e r i d i n e .  On c o o l i n g ,  w a t e r  was 
a d d e d  and t h e  r e s u l t i n g  o i l  e a s i l y  s o l i d i f i e d  ( s t i r r i n g ) .
On c r y s t a l l i s a t i o n ,  f i r s t l y  f rom  a l c o h o l ,  t h e n  a c e t i c  
a c i d ,  l i g h t  yeH o w  n e e d l e s ,  m .p .  169° were  o b t a i n e d .
(Pound :  C, 5 6 . 2 ;  H, 5 . 5 ;  N, 8 . 0 .  r e q u i r e s
C, 5 6 . 0 ;  H, 5 . 6 ;  N, 7 .8 % ) .
2 - C h l o r o - 6 - a m i n o p h e n y l - p - t o l y l s u l p h o n e  (XXIX. ) . 
The s u lp h o n e  ( X IX . ) was h e a t e d  w i t h  m e t h y l  a l c o h o l  and 
ammonia ( a s  f o r  a n a lo g o u s  r e a c t i o n  w i t h  s u lp h o n e  ( X V I I I . ) ) .  
The p r o d u c t ,  on c r y s t a l l i s a t i o n  f rom  a l c o h o l  g i v i n g  f a i n t  
y e l l o w  n e e d l e s ,  m .p .  134-135°  (Pound:  C, 5 5 . 2 ;  H, 4 . 3 .  
c 13H120 g N C ^  r e q u i r e s  C, 5 5 . 4 ;  H, 4 .3 % ) .
F o r  S e c t i o n  ( 6 ) .
2 : 4 - D i n i t r o p h e n y l  y8 - e t h o x y l  s u l p h i d e  ( X X X I I I . ) .  
An a l c o h o l i c  s o l u t i o n  ( 1 0 .6  g .  i n  50 c c . )  o f  y B - e t h o x y e t h -  
y l t h i o l , (Boord and S w a l l e n  ( 1 9 ) ) ,  was t r e a t e d  w i t h  an  
a queous  s o l u t i o n  of  sodium h y d r o x id e  (4 g .  i n  10 c c . )  and
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added  s l o w l y  t o  2 : 4 - d i n i t r o c h l o r o b e n z e n e  (20 g . )  d i s s o l v e d  
i n  c o l d  d i o x a n .  Sodium c h l o r i d e ,  and some b i s - 2 : 4 - d i n i t r o ~  
p h e n y l  d i s u l p h i d e  s e p a r a t e d ,  and a f t e r  f i l t r a t i o n ,  t h e  
f i l t r a t e  d e p o s i t e d  t h e  r e q u i r e d  p r o d u c t ,  w h ic h  c r y s t a l l i s e d  
f ro m  a l c o h o l  i n  y e l lo w  n e e d l e s ,  m .p .  6 5 - 6 6 °  (Pound:  N, 1 0 . 1  
C10B12O5N2S r e q u i r e s  N, 1 0 . 3 $ ) .  The c o r r e s p o n d i n g  s u lp h o n e  
(XXXIV.),  m .p .  9 7 ° ,  was o b t a i n e d  by o x i d i s i n g  t h e  s u l p h i d e  
w i t h  h y d r o g e n  p e r o x i d e  i n  a c e t i c  a c i d  (Pound:  N, 9 . 2 .  
C10H12O7N2S r e q u i r e s  N, 9 . 2 $ ) .
C h l o r o m e r c u r i c  ^ 3 - e t h o x y e t h a n e s u l p h i n a t e  (X L I . ) .  
The s u lp h o n e  (XXXIV.) was h e a t e d  w i t h  p i p e r i d i n e  (2 mols  . ) 
i n  b e n z e n e  s o l u t i o n  f o r  5 m i n u t e s .  A f t e r  c o o l i n g ,  t h e  
s o l u t i o n  was s h a k e n  w i t h  w a t e r  c o n t a i n i n g  j u s t  l e s s  t h a n  
1 m o l .  o f  sodium h y d r o x i d e ,  and t h e  a queous  e x t r a c t  was 
c o n c e n t r a t e d  somewhat t o  e n s u r e  r e m o v a l  o f  p i p e r i d i n e .
At t h i s  s t a g e  t h e  p r e s e n c e  o f  t h e  sod ium  s a l t  o f  t h e  r e ­
q u i r e d  a c i d  was d e m o n s t r a t e d  by h e a t i n g  a p o r t i o n  o f  t h e  
aqueous  s o l u t i o n  w i t h  2 : 4 - d i n i t r o c h l o r o b e n z e n e  in  a l c o h o l ,  
w h e reb y  t h e  s u lp h o n e  (XXXIV.) was r e g e n e r a t e d .  The r e ­
m a in d e r  o f  t h e  s u l p h i n a t e  s o l u t i o n  was t r e a t e d  h o t  w i t h  
a s o l u t i o n  o f  m e r c u r i c  c h l o r i d e  i n  warm w a t e r ,  y i e l d i n g  
t h e  p r o d u c t  as c r y s t a l l i n e  f l a k e s ,  w h ic h  were  c o l l e c t e d ,  
w ashed ,  and  d r i e d  i n  a vacuum d e s i c c a t o r  (Pound:  9 . 5 ;
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The d r y  s a l t  s l o w l y  decomposed a t  room t e m p e r ­
a t u r e  w i t h  f o r m a t i o n  o f  m e rc u ro u s  s a l t s ,  and y i e l d e d  s u l ­
p h u r  d i o x i d e  on b e i n g  h e a t e d .  The f o r m a t i o n  o f  e t h y l e n e ,  
when a s u s p e n s i o n  o f  t h e  s u b s t a n c e  was r e f l u x e d  i n  w a t e r  
o r  i n  an aqueous  medium b u f f e r e d  t o  pH7, was shown by 
p a s s i n g  t h e  e v o l v e d  g a s e s  t h r o u g h  a c o l d  a l c o h o l i c  s o l u ­
t i o n  o f  b ro m in e ,  f o l l o w e d  by  a d d i t i o n  o f  sod ium  h y d r o x i d e  
i n  s l i g h t  e x c e s s ,  and by  t h e  f o r m a t i o n  o f  t h e  b i s - t h i o -  
e t h e r  ( c f .  b e l o w ) .  No o r g a n i c  m e r c u ry  d e r i v a t i v e  c o u l d  
be d e t e c t e d  a t  any s t a g e  o f  t h e  e x p e r i m e n t s .  A v e r y  r a p i d  
e v o l u t i o n  o f  e t h y l e n e  o c c u r r e d  when t h e  s a l t  o r  S c h o e l l e r ’ s 
compound was h e a t e d  u n d e r  r e f l u x  i n  e t h y l e n e  g l y c o l .
B i s - ( 2 : 5 - d i c h l o r o p h e n y l t h i o )e t h a n e . An a q u e o u s - 
a l c o h o l i c  s o l u t i o n  c o n t a i n i n g  e t h y l e n e  d ib r o m i d e  (1 m o l . ) ,
2 : 5 - d i c h l o r o p h e n y l t h i o l  (2 m o l s . ) ,  and  sod ium h y d r o x i d e  
(2 m o l s . )  was g e n t l y  warmed f o r  5 m i n u t e s .  On c o o l i n g ,  
t h e  p r o d u c t  s e p a r a t e d ;  i t  c r y s t a l l i s e d  f rom  a c e t i c  a c i d  
i n  c o l o u r l e s s  p l a t e s ,  m .p .  125° .  The sam p les  o b t a i n e d  
f ro m  t h e  d e c o m p o s i t i o n  e x p e r i m e n t s  h ad  t h e  same m .p .  and 
m ixed  m .p .  ( a f t e r  b e i n g  washed  w i t h  a l c o h o l  t o  remove c o n ­
t a m i n a t i n g  b i s  - 2 : 5 - d i c h l o r o p h e n y l  d i s u l p h i d e )  (Pound:
C, 4 4 . 1 ;  H, 2 . 5 .  C i 4HiqC^4S2 r e q u i r e s  C, 4 3 . 7 5 ;  H, 2 . 6 $ ) .
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The p r o c e d u r e ,  R i e s z  ( 2 3 ) ,  c o n s i s t e d  i n  s a t u r ­
a t i n g  w i t h  c h l o r i n e  a s o l u t i o n  o r  s u s p e n s i o n  o f  t h e  com­
pound  i n  a c e t i c  a c i d  c o n t a i n i n g  10$ o f  w a t e r  ( a b o u t  10 
c . c .  o f  l i q u i d  t o  2 g .  o f  s o l i d ) .  The p r o d u c t  e i t h e r  
s e p a r a t e d  on s t a n d i n g  o r  was p r e c i p i t a t e d  by c a u t i o u s  
a d d i t i o n  o f  w a t e r .
2 : 4 - D i n i t r o b e n z e n e s u l p h o n y l  c h l o r i d e ,  m .p .  1 0 2° ,  
was o b t a i n e d  i n  50-60$  y i e l d  f rom  2 : 4 - d i n i t r o p h e n y l  t h i o l -  
b e n z o a t e ,  (Kym ( 2 8 ) ) ,  o r  f rom  t h e  d i s u l p h i d e  by  c h l o r i n a ­
t i n g  a s u s p e n s i o n  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  f o l l o w e d  
b y  d i l u t i o n  w i t h  a c e t i c  a c i d  and w a t e r .
4 - C h l o r o - 2 - n i t r o b e n z e n e s u l p h o n y l  c h l o r i d e  (m os t  
c o n v e n i e n t l y  p r e p a r e d  f rom  t h e  d i s u l p h i d e ;  R i e s z  ( 2 3 ) )  was 
f o rm ed  i n  80-90$  y i e l d  f ro m  4 - c h l o r o - 2 - n i t r o p h e n y l  t h i o l -  
b e n z o a t e .  The l a t t e r ,  p r e p a r e d  by  t h e  S c h o t t e n -B a u m a n n  
m ethod  f rom  t h e  t h i o l ,  had  m .p .  124° (Found:  N, 4 . 8 .  
C i 3Hq0 3NC$S r e q u i r e s  N, 4 . 8 $ ) .
High y i e l d s  o f  t h e  c o r r e s p o n d i n g  s u l p h o n y l  
c h l o r i d e s  were o b t a i n e d  f rom  p - t o l y l ,  o - n i t r o p h e n y l ,  and 
b e n z y l  d i s u l p h o x i d e s . E t h y l  e t h y l x a n t h a t e  gave  a good 
y i e l d  o f  e t h a n e s u l p h o n y l  c h l o r i d e  ( f r a c t i o n ,  b . p .  1 7 4 - 1 7 7 ° )  
w h ic h  was e x t r a c t e d  w i t h  b en ze n e  a f t e r  d i l u t i o n  o f  t h e  
r e a c t i o n  s o l u t i o n  w i t h  w a t e r .
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